W5 ' 

u 



Patent Office 
Canberra 



I, LEANNE MYNOTT, TEAM LEADER EXAMINATION SUPPORT AND 
SALES hereby certify that annexed is a true copy of the Provisional specification 
in connection with Application No. PQ0559 for a patent by SILVERBROOK 
RESEARCH PTY LTD filed on 25 May 1999. 



WITNESS my hand this 
Third day of April 2000 




LEANNE MYNOTT 

TEAM LEADER EXAMINATION 

SUPPORT AND SALES 



AUSTRALIA 
Patents Act 1990 



PROVISIONAL SPECIFICATION 



Applicant (s) : 

SILVERBROOK RESEARCH PTY LTD 



Invention Title : 

A METHOD AND APPARATUS (NPAGEOl) 



The invention is described in the following statement 



- 2 - 



A MHTHOD AND APPARATUS (NPAGHOl) 
Field of the Invention 
rhe present invention relates to the field of information distribution and printing. 

Background of the Invention 
5 The background of the invention is detailed in the attached appendix A which also sets out a 

detailed description of the invention. 

Summary of the Invention 
It is an object of the present invention to provide an improved information distribution 

system. 

10 In accordance with a first aspect of the present invention, there is provided an information 

distribution system for distributing customized information on print media, the system comprising a first 
series of data collection units for collecting customizable data; a network interconnecting the data 
collection units with a series of customization output printers; a series of customization output printers 
comprising: a user identification means to identifV a user of the customization output printer; a printer 

1 5 activation means to activate the customization output printer; a pagewidth printer element for printing 

customized booklets; such that, upon activation of the user identification means and the printer activation 
means, the data collection units download a current customized booklet for the user and the printer 
element prints out the customized booklet. 

The customization output printer can be arranged such that pages of the booklet are preferably 

20 fed through the printer from a top to bottom with the booklet being output at a bottom of the printer. The 
customization output printers can include a hopper located in the bottom thereof and the booklet can be 
gravity dropped into the hopper. The customization output printer further preferably can include a 
binding means for binding the pages of the booklet together. The binding means can comprise a fluid 
ejection device ejecting a glue onto a predetermined portion of substantially each page of the booklet. 

25 The binding means further can comprise compression means for compressing each page of the booklet 
together. 

The user identification means can comprise a fingerprint scanner. The pagewidth printer can 
comprise an elongated wall mounted unit. The data collection units utilize multicasting facilities in 
downloading data to the customization output printers which select stories from the data collection units 

30 depending upon user interest. The customization output printers utilize public key cryptography for 
access control with the data collection units. 

In accordance with a further aspect of the present invention, there is provided an information 
distribution system for distributing customized information on print media, the system comprising a first 
ser les of data collection units for collecting customizable data; a network interconnecting the data 

35 collection units with a series of customization output printers; a series of customization output printers 
comprising: a user identification means to identify a user of the customization output printer; a printer 
activation means to activate the customization output printer; a pagewidth printer element for printing 



customized booklets; booklet collation means for collating the booklet; a prmt roll unit tor storing rolls of 
print media for utilization for printing by the pagewidth printer element; such that, upon activation of the 
user identification means and the printer activation means, the data collection units download a current 
customized booklet for the user and the printer element prmts out on the print roll unit pages of the 
5 customized booklet which are formed into a booklet by the booklet collation means. 

in accordance with a further aspect of the present invention, there is provided an interactive 
information distribution system comprising a series of interconnected data collection units for collecting 
information; an interconnected network; a series of printers for printing out information; a pen device 
including an image sensor for sensing an image area; wherein the image printed preferably can include a 
10 series of visually distinctive areas containing identification information such that, upon placing the pen in 
the vicinity of a visually distinctive area, the pen is activated to sense and decode the identification 
information, the identification information is forwarded to the distribution computers which in turn 
creates a further customized page for forwarding to a printer unit for printing on demand of a user. 
Ihe identilication iniormaiioii can uc ^luicu m euajuin.,uwii v>iiii u wov^i 
1 5 determining likely future news items of interest to the user. The information preferably can include 
advertising customized in accordance with a users selection of particular identifiers. 

In accordance with a further aspect of the present invention, there is provided a news 
distribution system comprising a series of automated news collection units for collecting, collating and 
storing news stories; a distribution network for electronic distribution of news stories to a series of news 
20 printers; a series of news printers interconnected to the news collection units via the distribution network 
for printing out a collection of news stories on demand on print media; the printing out including the 
printing out of a series of detectable location markers on the print media; a handheld scanner unit adapted 
to scan the detectable location markers to determine a current scanning location on the print media, the 
handheld scanner being interconnected to the distribution network for transmission of the current 
25 scanning locations to the automated news collection units; the automated news collection units utilizing 
the current scanning locations to determine customized future news stories to send to a user of the news 
printer. 

The detectable location markers are preferably substantially invisible to the human eye, I hc 
detectable location markers can comprise a regularly spaced grid in conjunction with a unique 
30 identifiable positional marker. 

The news stories are preferably page formatted by the automated news collection units and 
downloaded in a compressed form over the distribution network. The news stones are preferably 
composited together into a page by the news printers. 

The output printers are preferably double sided and included watermark data on images printed 
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In accordance with a further aspect of the present invention, there is provided a news 
distribution system comprising a series of automated news collection units for collecting, collating and 
storing news stories; a distribution network for electronic distribution of news stories to a series of news 
printers; a series of news printers interconnected to the news collection units via the distribution network 
5 for printing out a collection of news stories on demand on print media; the printing out including the 

printing out of a series of detectable location markers on the print media; a handheld scanner unit adapted 
to scan the detectable location markers to determine a current scanning location on the print media, the 
handheld scanner being interconnected to the distribution network for transmission -of the current 
scanning locations to the automated news collection units; the automated news collection units utilizing 

10 the current scanning locations to determine customized future news stories to send to a user of the news 
printer. The handheld scanner unit can comprise a pen shaped unit. 

The system can further comprise a charging unit for placing the pen shaped unit in to recharge 
the pen shaped unit. The charging unit can be cup shaped. The charging unit preferably can include a 
communications unit adapted to register pens placed in the charging unit with the printer. The 

1 5 handheld scanner unit preferably can include a series of accelerometers to determine a path taken by the 
handheld scanner unit. The handheld scanner unit preferably can include signature recognition means for 
recognizing a signature pattern executed by a user of the scanner unit. The pen shaped unit preferably can 
include an activation light which changes color in accordance with the operation being carried out by the 
pen shaped unit. 

20 

Description Preferred in Other Embodiments 
The preferred embodiment of the present invention is as set out in the attached appendix 
A which provides for a detailed description of the implementation of an information distribution and 
printing system denoted NETPAGE. 
25 The ink jet technology utilized can be a wide pagewidth printing system as disclosed in 

the attached appendix B. 

Appendix C illustrates an example customized personal newspaper printed out by the 
NETPAGE system. 

Appendix D illustrates an example of NE'lTAGE interaction to order a series of 

30 hardware items. 

Appendix E illustrates an example of NETPAGE interaction to conduct an email 

interaction. 

It would be appreciated by a person skilled in the art that numerous variations and/or 
modifications may be made to the present invention as shown in the specific embodiments in the attached 
35 documentation without departing from the spirit or scope of the invention as broadly described in the 
attached appendices The present embodiments are, therefore, to be considered in all respects to be 
illustrative and not restrictive. 
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We CUiim: 

1 An information distribution system for distributing customized information on 

print media, said system comprising: 

a first series of data collection units for collecting customizable data; 
5 a network interconnecting said data collection units with a series of customization 

output printers; 

a series of customization output printers comprising: 

a user identification means to identify a user of said customization output printer; 

a printer activation means to activate said customization output printer; 
10 a pagewidth printer element for printing customized booklets; 

such that, upon activation of said user identification means and said printer activation 
means, said data collection units download a current customized booklet for said user and said printer 
element prints out said customized booklet. 

2. A system as claimed in claim 1 wherein said customization output printer is 
1 5 arranged such that pages of said booklet are fed through said printer from a top to bottom with the 

booklet being output at a bottom of said printer. 

3. A system as claimed in claim 2 wherein said customization output printers 
include a hopper located in the bottom thereof and said booklet is gravity dropped into said hopper. 

4. A system as claimed in claim 1 wherein said customization output printer 
20 further includes a binding means for binding the pages of said booklet together. 

5. A system as claimed in claim 4 wherein said binding means comprises a fiuid 
ejection device ejecting a glue onto a predetermined portion of substantially each page of said booklet. 

6. A system as claimed in claim 5 wherein said binding means further comprises 
compression means for compressing each page of said booklet together. 

25 7. A system as claimed in claim 1 wherein said user identification means 

comprises a fingerprint scanner. 

8. A system as claimed in claim 1 wherein said pagewidth printer comprises an 

elongated wall mounted unit. 

9. A system as claimed in any previous claim wherein said data collection units 
30 utilize multicasting facilities in downloading data to said customization output printers which select 

stories from said data collection units depending upon user interest. 

10. A system as claimed in claim 1 wherein said customization output printers 
utilize public key cryptography for access control with said data collection units. 

11. An information distribution system for distributing customized information on 
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output printers; 

a series of customization output printers comprising: 

a user identification means to identify a user of said customization output printer; 
a printer activation means to activate said customization output printer; 
5 a pagewidth printer element for printing customized booklets; 

booklet collation means for collating said booklet; 

a print roll unit for storing rolls of print media for utilization for printing by said 
pagewidth printer element; 

such that, upon activation of said user identification means and said printer activation 
10 means, said data collection units download a current customized booklet for said user and said printer 
element prints out on said print roll unit pages of said customized booklet which are formed into a 
booklet by said booklet collation means. 

12. An interactive information distribution system comprising: - - 
a series of interconnected data collection units for collecting information; 

] 5 an interconnected network; 

a series of printers for printing out information; 
a pen device including an image sensor for sensing an image area; 
wherein the image printed includes a series of visually distinctive areas containing 
identification information such that, upon placing the pen in the vercinity of a visually distinctive area, 
20 the pen is activated to sense and decode the identification information, the identification information is 

forwaded to said distribution computers which in turn creates a further customized page for forwarding to 
a printer unit for printing on demand of a user. 

13. A system as claimed in claim 12 wherein said identification information is 
stored in conjunction with a user identification for determining likely future news items of interest to said 

25 user. 

14. A system as claimed in claim 13 wherein said information includes advertising 
customized in accordance with a users selection of particular identifiers. 

1 5. A news distribution system comprising: 

a series of automated news collection units for collecting, collating and storing news 



30 stories; 



printers; 



a distribution network for electronic distribution of news stories to a series of news 



a series of news printers interconnected to said news collection units via said 
distribution network for printing out a collection of news stories on demand on prmt media; 
35 said printing out including the printing out of a series of detectable location markers on 

said print media; 

a handheld scanner unit adapted to scan said detectable location markers to determine a 
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current scanning location on said print media, said handheld scanner being interconnected to said 
distribution network for transmission ot said current scanning locations to said automated news collection 
units; 

said automated news collection units utilizing said current scanning locations to 
5 determine customized future news stories to send to a user of said news printer. 

16. A system as claimed in claim 15 wherein said detectable location markers are 
substantially invisible to the human eye. 

17. A system as claimed in claim 1 5 or 16 wherein said detectable location 
markers comprise a regularly spaced grid in conjunction with a unique identifiable positional marker. 

10 18. A system as claimed in claim 15 wherein said news stories are page formatted 

by said automated news collection units and downloaded in a compressed form over said distribution 
network. 

19. A system as claimed in claim 15 wherein said news stories are composited 
together into a page by said news printers. 
15 20. A system as claimed in claim 15 wherein said output printers are double sided 

and included watermark data on images printed out, said watermark data being detected by means of 
interference between a front and back surface of the print media. 

21. A news distribution system comprising: 

a series of automated news collection units for collecting, collating and storing news 



20 stories; 



printers; 



a distribution network for electronic distribution of news stories to a series of news 



a series of news printers interconnected to said news collection units via said 
distribution network for printing out a collection of news stories on demand on print media; 
25 said printing out including the printing out of a series of detectable location markers on 

said print media; 

a handheld scanner unit adapted to scan said detectable location markers to determine a 
current scanning location on said print media, said handheld scanner being interconnected to said 
distribution network for transmission of said current scanning locations to said automated news collection 
30 units; 

said automated news collection units utilizing said current scanning locations to 
determine customized future news stories to send to a user of said news printer. 

22. A system as claimed in claim 21 wherein said handheld scanner unit 

cc>ni prises a pen shaped unit 
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25. A system as claimed in claim wherein said charging unit includes a 
communications unit adapted to register pens placed in said charging unit with said printer. 

26. A system as claimed in claim 21 wherein said handheld scanner unit includes 
series of accelerometers to determine a path taken by said handheld scanner unit. 

27. A system as claimed in claim 21 wherein said handheld scanner unit includes 
signature recognition means for recognizing a signature pattern executed by a user of said scanner unit. 

28. A system as claimed in claim 22 wherein said pen shaped unit includes an 
activation light which changes color in accordance with the operation being carried'out by said pen 
shaped unit. 

29. A network news distribution system substantially as hereinbefore described 
with reference to the attached appendices. 

30. A network news distribution system as claimed in any previous claim when 
utilizing an ink jet print head having a series of spaced apart thermal bend actuators for the ejection of 
ink. 



14486 (NPAGKOH Silvtrt)rfK^k doc2S/a<..'W 



Netpage 
System Design Description 

preliminary version 0.1, 23 May 1999 




Silverbrook Research Pty Ltd 
393 Darling Street, Batmain 
NSW 2041 Australia 



I' ){a;stivef orot )K 




Silverbrook Research Netpage System Design Description prelinnnarv vO 1 



Document History 



Version 


Date 


Authors 


Details 


0 1p 


23 May 1999 


Paul Lapstun 
Toby King 
Simon Walmsley 
Kia Silverbrook 


Preliminary issue. 



23 May 1999 



I 



Silverbrook Research 



rjetpage System Design Description preliminary vO 1 



Contents 

Overview 1 

1 Introduction 2 

1.1 Publishing to Netpage Printers 3 

2 The Demise of Paper 5 

3 News and Advertising Trends 7 

3.1 Newspapers ^ 

3.2 Online News Delivery 8 

3.3 Online Advertising 9 

3.4 Online Classified Advertising "1 0 

4 News Personalization 

Architecture » 

O l>iULp<jiy oyaiciii i-iioiiiicoi.wiv, - 

5.1 The Internet 

5.2 Netpages and Netpage Documents 

5.3 The Netpage Network ^'^ 

5.4 The Netpage Printer 

5.5 The Netpage Pen 20 

5.6 Netpage Interaction 21 

5.7 Standard Features of Netpages 23 

5.8 The Help System 23 

6 Personalized Publication Model • 25 

6.1 Editorial Personalization 25 

6.2 Advertising Localization and Targeting 26 

6.3 User Profiles 28 

6.4 Intelligent Page Layout 29 

6.5 Document Format 29 

6.6 Document Distribution 

7 Security ^2 

7.1 Cryptography 

7 2 Netpage Printer Security 

7 3 Netpage Pen Security 

7.4 Secure Documents 

7.5 Non-Repudiatton 

8 Electronic Commerce Model 36 

8.1 Secure Electronic Transaction (SET) 

8.2 SET Payments 

8.3 Micro-Payments 

Applications and Business Models. 38 

n A nplirations 39 



:.,M f If I lei L t.:' 



Silverbrook Research rJetpage System Design Description preliminary vO 1 



9 4 Communication 41 

9 5 Web Browsing and Printing 42 

9 6 Corporate Intranets 42 

9 7 Government Sen/ices 43 

9.8 Photo Album 43 

9.9 Computer Printing 43 

10 Business Models 44 

10.1 System Principles 44 

10.2 Bootstrapping 45 

10.3 Maturity 46 

Netpage Printer 48 

11 Printer Product Design 49 

11.1 Wallprinter .49 

11.2 Wallprinter Pro 54 

11.3 Tableprinter Pro 57 

11.4 Wallprinter Pro R 58 

11.5 Tableprinter Pro R .. . 61 

11.6 Travelprinter 62 

11.7 Netpage Pen 64 

11.8 Pen Charging Cup 67 

12 Memjet-Based Printing 68 

13 Document Data Flow.,... 69 

14 Printer Controller Architecture 71 

14.1 Detailed Document Data Flow 72 

14.2 Print Engine Architecture 73 

1 5 Pen Controller Architecture 75 

Detailed Design 76 

16 Position Tag Data Format 77 

16.1 Position Tag Structure 79 

16.2 Position Tag Encoding . 82 

17 In-Pen Processing 85 

1 7. 1 Position Tag Decoding 85 

17.2 Data Encryption 98 

References 99 



23 May 1999 



Silverbrook Research Netpage System Design Description prelmnmary vO 1 



Overview 



verbrook Research Netpage System Design Description preliminarvvO 1 



Introduction 

Netpages arc pages of high-quality text, graphics and images printed on ordinary paper, 
but which work ahnost like an interactive Web pages. Information encoded on each page 
in invisible ink is picked up by an optically-imaging pen and transmitted to the network. 
Active 'Minks" and ''buttons'' on each page can be ''pressed'' with the pen to request infor- 
mation from the network or signal preferences to a server. Text written by hand on a 
Netpage is automatically recognized via the pen, allowing forms to be filled in. Signatures 
recorded on a Netpage are automatically verified, allowing e-commerce transactions to be 
securely authorized. 

The pen works in conjunction with a Netpage Printer, an Internet-wired printing appliance 
for the home or office. The pen is wireless and cotnmunicates with the Netpage Printer 
using an encrypted radio frequency signal. 

The Netpage Printer delivers, periodically or on demand, personalized newspapers, maga- 
zines, brochures and other publications, all printed at high quality on interactive Netpages. 
Unlike a personal computer, the Netpage Printer is an appliance typically wall-mounted in 
the kitchen or near the breakfast table, i.e. the place where the morning news is first con- 
sumed, and the household's point of departure for the day. It also comes in a low-power, 
wireless, portable model. 

Netpages printed at their point of consumption combine the ease-of-use of paper with the 
timeliness and interactivity of an interactive medium. 

Netpages are crucially enabled by Memjet printing technology, which makes high-speed 
magazine-quality printing affordable to consumers. A Netpage publication has the physi- 
cal characteristics of a traditional news magazine, i.e. a set of letter-size glossy pages 
printed in full color on both sides, bound together for easy navigation and comfortable 
handling. The Netpage Printer prints 60 to 90 full-color Netpages per minute. 

The Netpage Printer exploits the growing availability of broadband Internet access. Cable 
service is available to 95% of households in the United States [87], and cable modem ser- 
vice offering broadband Internet access is already available to 20% of these [8]. The 
Netpage Printer also operates with slower connections, but with longer delivery times and 
lower image quality. 

Netpage Publication Servers on the Internet deliver print-quality publications to Netpage 
Printers. Periodical publications are delivered automatically to subscribing Netpage Print- 
ers via pointcasting and multicasting Internet protocols. Personalized publications are fil- 
tered and fonnatted according to individual user profiles. 

A Netpage Printer supports any number of pens, and a pen can work with any number of 
Netpage Printers. Each pen has a unique identifier. By default, a Netpage Pen identifies a 
particular user mostly by convention. A household may have a collection of colored 
Netpage Pens, one assigned to each member of the family. This allows each user to main- 
tain a distinct profile with respect to a Netpage Publication Server. A Netpage Pen can 
also be registered with an Identity Server and linked to one or more payment card 
accounts. This allows e-commerce payments to be securely authorized using the Netpage 
Pen. The Identity Server compares the signature captured by the Netpage Pen with a previ- 
ously registered signature, allowing it to authenticate the user's identity to the e-commerce 
system. Other biometrics can also be used to verify identity. A version of the Netpage Pen 
includes fingerprint scanning, verified in a similar way by the Identity Server. 
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Althoimh a Ncipagc Printer delivers periodicals such as the morning newspaper without 
user intervention, it ne\er delivers unsolicited junk mail. It onl> delivers periodicals from 
subscribed or otherwise authorized sources, t he Nctpage Printer is unlike a fax machine 
or e-mail account which is visible to any junk mailer who knows the telephone number or 
email address. 

1.1 Publishing to Netpage Printers 

There are a number ofadvantages to publishing to Netpage Printers. The magazine quality 
of Netpage Printer output makes it a more attractive publishing and advertising medium 
than both traditional newsprint and computer screens. 

The cost of paper and ink consumption is transferred to the user. Subscription fees can be 
eliminated entirely in lieu of the user taking on this extra cost, and the user thus perceives 
a better-value product. The erratic price of newsprint is removed from publishers' profit 
equations, resulting in more stable margins. A new market for paper and ink consumables, 
with its own margins, is created. 

The cost of consumables can be selectively subsidized, for example when non-editorial 
publications such as product brochures and account statements are printed. 

Capital and maintenance expenditure on printing plant is effectively transferred to the 
user, although the perceived expense is small because Netpage Printers are sold at close to 
cost or given away to encourage adoption, subsidized by future advertising profits. Main- 
tenance can also be subsidized or its cost included in a longer tenn service agreement. 

Costly physical distribution is replaced by electronic distribution via a preexisting and 
widely subscribed network - the Internet. 

Both the editorial and advertising content of publications delivered via the Netpage Net- 
work can be customized for each user. Editorial content can be personalized according to 
the user's profile. Advertising can be localized to the user's locality and optionally tar- 
geted to the user's demographic. 

A personalized publication can be a small fraction of the size of its traditionally-delivered 
counterpart, yet contain the same amount of information relevant to the user, and in a more 
accessible form. The user appreciates the more efficient and digestible publication. 

Localized advertising can be targeted to more specific localities and their associated 
demographics, and this allows advertising space to be exploited more efilciently, i.e. with 
less waste. Advertisers are constantly pressing traditional publishers for greater localiza- 
tion, soincthini! which thc> ha\e great ditl1cutt\ delivering cosl-effccti\ cl> . 

By revealing personal information such as age, gender, marital status, income, profession, 
education, etc., the user can allow the advertising to be more carefully targeted, in return 
they can receive greater subsidies and discounted product ofiers. As advertising becomes 
more targeted, it becomes less of a nuisance and more of a service in itself. 

Although the publication's per-page circulation figures fall drastically, the publication's 
actual per- sect ion readership is preserved, and the correspond ingl\ higher advertising 
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Advertising delivered via the Netpage Network has the dual benefits of print and onhne 
dehverv'. Prmi supports the impact of large-fomiat ads. Online deliver supports custoini- 
zation, linking, and measurability, and consequently online charging models. 

Consider a full-page advertisement for a new car model in a news magazine delivered via 
the Netpage Network. The advertising campaign can be national or even international. 
The ad only appears if compatible with the user's demographic, either implied by their 
ZIP code or more explicitly by their personal details. Anyone who requests a product bro- 
chure via the on-ad button receives one immediately via their Netpage Printer, customized 
with a list of local dealers. If they press a particular dealer's ^^contact me" button in the 
brochure, the dealer receives a message via the system and contacts the user by telephone. 

The publisher profits in the normal way by selling the advertising space, but can also 
profit by receiving a fee on the ^^click-through" to the brochure, and a commission on any 
product sale which eventuates. 

The Netpage Network promises to be the most effective advertising medium ever con- 
ceived. It combines the editorial and print quality of traditional publications with arbi- 
- trarily finely targeted advertising, and provides a direct link between advertising, product 
information, and purchasing. Added revenue from click-through fees and e-commerce 
commissions may even allow users' costs - printer, ink, paper, and Internet access - to be 
fully subsidized. 
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2 The Demise of Paper 



Online publication has many advantages over traditional paper-based publication. From 
the consumer's point of view, infonnation is available on demand, information can be nav- 
igated via hypertext links, infomiation can be searched, and infonnation can be automati- 
cally personalized. 

F rom the publisher's point of view, the costs of printing and physical distribution are elim- 
inated, and the publication becomes more attractive to the advertisers who pay for it 
because it can be targeted to specific demographics and linked to product sites. 

Online publication also has a few disadvantages. Computer screens are inferior to paper. 
At the same quality as a magazine page, an SVGA computer screen displays only about a 
fifth as much information*. Both CRTs and LCDs have brightness and contrast problems, 
particularly when ambient light is strong. Ink on paper, being reflective rather than emis- 
sive, is both bright and sharp in ambient light. 

Faced with reading more than the most trivial amounts of text on a screen, most people 
prefer to print it before reading it. increasingiy, online publishers arc recognizing this and 
providing information in formats suitable for printing. At one extreme this means provid- 
ing text-only versions of documents so they print efficiently, i.e. without imposing a 
screen format on the printed page; at the other extreme it means providing formatted ver- 
sions of documents - e.g. in Adobe's Portable Document Format (PDF) - so they print at 
high quality. 

Editorial content is often compromised to fit the online medium and the habits of the peo- 
ple who frequent it, who tend to browse rather than read. Although powerful new advertis- 
ing models become possible, it becomes more difficult to deliver effective advertisements. 

To truly enable online publication, many people envisage a universal information appli- 
ance - a lightweight portable "tablef ' with a page-size touch-sensitive color display and a 
high-bandwidth wireless connection to the Internet. First proposed by Xerox PARC's Alan 
Kay in the mid 1970s in the form of the ^'Dynabook", and partially realized in recent 
paperback-sized electronic books, even Bill Gates is now confidently predicting that such 
a device will soon augur the death of paper publications [28]. 

To achieve low power consumption, low weight, and paper-like display quality, a bistable 
reflective display technology is required. Several candidates are now emerging from the 
labs including Kent Display's cholesteric LCD technology (chLCD) [47], Xerox^ "Gyn- 
con'' rotating ball technology [36], and F Ink's electrophoretic technology [24,67]. 
C^hlXM) is arguably closest to practical deployment [23). 

Next-generation cellular phone networks promise 2Mbps packet switching [25], compara- 
ble to Uie broadband access people are getting used to in cable networks [63]. Satellite net- 
works, while offering or promising still higher speeds [39,72,93], require receivers 
difficult to deploy in mobile devices. 

Beyond the vision of the basic tablet, F Ink imagines its digital ink "printed^ onto a num- 
ber of flexible pages bound into a book, preserving the physical navigability of a 

. . K , M ..,,M;,-.rt;<w, .,n.i :inpr(virhino ifc, |n\v ('o^T Hiit allnwini^ thc pa<.»cs to be rewrit- 
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ten electronically in place. Ihey optimistically predict newspapers delivered in this wa> 
within five years [ 17|, despite fundamental problems yet to be overcome [23 |. 

The advantages of a tablet are many. Unlike a desktop or notebook computer, a tablet may 
actually provide a pleasant reading experience. Unlike a paper publication, a tablet pro- 
vides intelligent access to an unlimited amount of information; its weight is not dictated 
by the amount of information it carries. More than just an information appliance, it can 
also act as a multi-purpose multimedia communications device and interactive entertain- 
ment device. 

A tablet has disadvantages too. It uses batteries which run down and hav^ to be recharged, 
it may break when dropped or malfunction when exposed to hot coffee. It^s not quite 
cheap enough to be disposable - so there's still a problem if it's misplaced or stolen. It has 
a ''user interface" which has to be learned. The leading candidate display technology - 
chLCD - is still less than half as reflective (i.e. ''bright'') as paper. 

The drawbacks of traditional paper-based publications have little to do with paper itself, 
and much to do with how the information gets onto the printed page. The economics of 
centralized printing and distribution prevent the kind of information selection, personal- 
ization and navigation people have come to expect from interactive electronic media such 
as the Internet. The inefficiency of printing and distributing a hundred-page newspaper to 
a customer who may read only a few pages is widely decried. 

Given a technology such as Memjet, it becomes economic to print high-quality publica- 
tions at their point of consumption rather than at their point of production. The Netpage 
Printer leverages Memjet to deliver personalized publications to the home, gaining many 
of the advantages of online publication, while retaining the ease-of-use of high-quality 
printed ink on paper. 

Netpages and the Netpage Printer address the key problems of online publication, without 
relying on the development and consumer acceptance of a new reading device. 
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3 News and Advertising Trends 

3.1 Newspapers 

People obtain news from a variety of sources - network and cable television, radio, daily 
newspapers, and weekly newsmagazines. In the United States, although the various news 
media are healthy and profitable, per capita news consumption is somewhat in decline as a 
new generation of young adults have less time to read and favor television entertainment 
over news [18]. Yet six out often adult Americans read a newspaper every day [77]. 

The United States has about 1500 daily newspapers with a total circulation of 57 million. 
Just the top ten ^^national" dailies (Wall Street Journal, USA Today, New York Times, Los 
Angeles Times, Washington Post, etc.) account for a circulation of 10 million. The major 
weekly newsmagazines (Time, Newsweek, U.S. News) have a similar (weekly) circula- 
tion of about 10 million. 

In 1997, newspaper companies' revenue exceeded $24 billion, a five-year high, and mar- 
gins nudged 20% [52], due both to increased spending on advertising and to reduced 
prices of newsprint. 

Television and radio, by their nature, excel at delivering breaking news. Newspapers and 
newsmagazines, on the other hand, deliver the depth and analysis behind the headlines. 
Broadcast news in isolation does a poor job of informing the public. The more local the 
news is, the poorer the broadcast coverage, and the greater the public's dependence on 
newspapers. 

Newspaper content and packaging has evolved considerably since the 1970s. News is 
somewhat softer, news stories are shorter and more well-written, there are more feature 
articles, and there is more editorial and reader opinion. Newspapers are more structured. 
Identifiable sections make them more accessible, and provide greater focus for advertis- 
ers. Much special-interest content has migrated from daily inclusion to weekly sections. 
These cover topics such as lifestyle, personal finance, entertainment, technology, etc. The 
proportion of graphics and pictures is greater. Color is widely used. Newspapers are easier 
to use and more entertaining than ever before, if at the expense of some "hard" news. 

Daily newspapers are growing increasingly dependent on the various wire services. A 
newspaper may excel at local and regional news, but rely on the major wires (Associated 
Press and United Press International) for national and international news, the so-called 
-supplemental'^ wires (LA Times/Washington Post, NY Times, Scripps-Howard, 
Knight-Ridder lYibunc, etc.) for specific strengths (and value-for-moncy). and the interna- 
tional wires (Reuters etc.) for international perspective. A growing number ot newspapers 
operate more as news aggregators than news gatherers. 

Advertising typically contributes more than 75% of newspaper and magazine revenue, 
while subscriptions contribute less than 25% [31,73,74]. National advertising makes up 
roughly 14% of advertising spending, retail advertising 46^0, and classified advertising 
40% [74]. 

^ f. nnrvMi-... i r rv;iM n i- K ^p.n-ifir fa^'Ct^n^^ nnorinr' quality newspaper read- 
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ver\' localized by their nature, while direct mailers can target demographics based on indi- 
v idually-categori/ed /J I' codes, or databases of individuals. 

Newspapers have responded with geographically zoned editions to support local advertis- 
ing, and greater sectioning ol their product. T^hey have also expanded their page counts to 
provide more advertising scope, despite erratic newsprint prices in the 1990s [3]. 

Despite this, there is ongoing conflict between newspapers' mass distribution model, and 
advertisers' need for micro-targeting [30]. This conflict, coupled with advertisers' desire 
for higher-quality printing of color images, is motivating a shift from run-of-press (ROP) 
advertising to inserts [74]. 



Fearmg the online migration of advertising, traditional news publishers from both broad- 
cast and print have ventured into Internet-based news delivery, wanting to establish a pres- 
ence at whatever cost before newcomers become entrenched. Most newspapers are still 
reporting losses from their online operations [74]. 

Online news delivery offers a number of advantages. Breaking news can be delivered as 
soon as it happens. News can be customized for individual readers according to their pref- 
erences and geographic locations. Readers can explore stories to arbitrary depth, follow 
links to related resources, and search archival material. Readers can participate in discus- 
sioti groups and contribute to opinion polls. The news itself can incorporate audio and 
video clips, and can include live transmissions, converging with broadcast. 

Online news delivery also has disadvantages. Computer screens are of limited size and 
quality compared with print. Few people enjoy reading a story of any length on a com- 
puter screen. Computers are not portable in the wide sense that a newspaper is. The news 
may be more timely, but the time and place in which it can be consumed are more con- 
strained than with a newspaper. 

Despite the power of hypertext, many online readers express a preference for a linear pre- 
sentation, "where they [can] skim one section after another until the presentation [is] 
exhausted'' [10]. Interestingly, a majority of traditional newspaper readers admit they scan 
every page in the main section of the newspaper [77], looking for items of interest without 
necessarily knowing what they're looking for, and achieving some kind of closure at the 
end Online hypertext, by contrast, is both a limitless resource and a bottomless pit. 

While traditional news publishers such as The New York Times can deploy full editorial 
content online [94], newcomers such as Yahoo typically only provide '*raw" news items 
sourced from the wire services [70]. 

A recent survey indicates that 21% of the 74 million Internet users in the United States 
regularly read news online as an alternative to traditional print and broadcast sources, and 
16^ 0 obtain a major proportion of their news online [78]. More broadly, between 37% and 
64^ 0 of the Internet population reads news online at least once a week. The fluctuations in 
the figures are related to what may be happening in the news. Major or breaking news sto- 
ries attract more users - 46% of Americans say they only follow national news stories 
when "something major is happening" [26]. 

With 41% of Americans online, the Internet population has become mainstream, and the 
weather has become the most popular news online. This is closely followed by technology 
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news, entertainment news, and loeal news. As one observer puts it, all of this "soundls] 
like the 6 o'clock news'' [78]. As a reHection of these habits, the online audience share of 
national newspapers has diminished from 22>°o in 1995 to 16% in 1998, while the online 
audience share of broadcast I V sites has grow n. 

3.3 Online Advertising 

At its simplest, advertising alerts a motivated customer to the availability of a product, 
possibly at a competitive price. At a more sophisticated level, advertising seeks to influ- 
ence future purchasing decisions by creating brand awareness. Ultimately, advertising 
seeks to create desire for a product even when actual need is absent. 

Advertising prices are traditionally based on how many people see the advertisement, and 
their spending power in relation to the product. In practice, the more homogeneous the 
demographics of the audience, the easier it is to match to a product, and hence the higher 
the corresponding advertising cost per thousand (CPM). Broadcast media use ratings and 
timeslot demographics to set advertising rates. Print media use audited circulation figures 
and sectional readership demographics. 

The simplest online advertising model is also based on how many people see the ad. 
Online this has the advantage of being based on solid numbers, since the number of 
''impressions'' of a particular Web page can be counted exactly. 

The specific advantage of an online ad, however, is that the ad itself can measurably cap- 
ture a sales lead by acting as a link to a product site. The product site may simply provide 
more product information in the form of specifications, pricing, and ordering details. It 
may also support immediate online ordering, thus completing the link from ad to sale. 
Beyond providing simple ad exposure, it is this measurable linking of advertisement to 
sales lead or sale which is the strength of online advertising [84]. Cost per click (CLC) 
charging is gaining acceptance but is still controversial. 

Beyond CLC, there exists the possibility of paying a commission to the ad host on any sale 
that actually eventuates [88]. Amazon.com is probably the best-known example of a com- 
pany paying commissions to other sites in this way. 

The broader advantage of online advertising is that advertising can be localized and tar- 
geted arbitrarily finely, in conjunction with the publication of online content such as news. 
This is the strategy pursued by online advertising agencies such as Click-Through [15], 
which acts as the middle-man between advertisers and online content publishers. They 
expect online advertising to represent more than 10 percent of all advertising revenue b> 
200 1 . 

Since online ads are necessarily small -format, they communicate best with motivated cus- 
tomers already on the look-out for a particular product or service. Online ads are less 
suited to building brand awareness or creating buying desires, since the real substance oi 
the advertisement - the product Web site - is a click away from the initial small-format ad. 
A small-format online ad can't provide the single-hit emotional impact of a large-format 
print ad, and conversely, the online world can't support the large- format ads that print can. 

So-called interstitial ads. which appear full -screen when traversing from one page of 
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3.4 Online Classified Advertising 

CMassified advertising is indisputably suited to online delivcr>. Unlike their traditional 
printed counterparts, online classifieds can be easily searched, and are not subject to space 
constraints. The online migration of classified advertising is considered a serious threat to 
newspapers' classified advertising profits [90], and sotne newspapers are building an 
online presence for this reason alone. Some observers predict as much as 50% of classified 
advertising revenue moving online within the next ten years [ 1 06]. 

Another problem faced by newspapers, who rely on classifieds for up to 40% of advertis- 
ing spending, is that many newcotiters are offering free online classified advertising as a 
way of building a venue for non-classified advertising. 
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4 News Personalization 

From the reader's point of view, a personalized news publication can provide more infor- 
mation in fewer pages. The actual fomi this personalization takes, however, is not neces- 
sarily obvious. 

The MIT Media Lab's News in the Future (NiF) project has been championing the concept 
of "The Daily Me" for almost two decades [65]. Nicholas Negroponte, one of the project's 
founders, envisages a highly personalized news publication which is no longer driven by 
"what other people think is news" [71]. By way of examples close to. his own needs, it 
includes news about people and places about to be encountered, and puts "the most impor- 
tant [news] of all" - a summary of e-mail - on the front page [6]. Negroponte recognizes 
the need to vary the degree of personalization, advocating a higher "serendipity factor" on 
a lazy Sunday than on a working weekday. 

The opposing view holds that the value of a news publication lies precisely in its shared 
nature. It reflects the common concerns and values of a community of readers, and estab- 
lishes a baseline of expectations of what they are all supposed to know [97]. As a conse- 
quence, the publication also speaks with a consistent editorial voice and with consistent 
assumptions about the reader's level of background knowledge. Such a shared publication 
allows its readers to orient themselves in relation to their community. 

NiF*s Walter Bender answers the charge (in his own words) of "The Daily Me engender- 
ing a fragmented world populated by self-interested myopes", by stressing the possibilities 
of personalizing individual news items [4]. This can consist in varying the depth of an 
item, or supplementing it with background information, based on the reader's level of 
knowledge. It can involve interpreting information relative to the reader's background, 
such as (somewhat dubiously) making value judgements about the weather relative to the 
reader's normal home town weather It can also be as simple as using metric rather than 
imperial units. 

Fish Wrap [10,66], MIT's personalized campus newspaper and NiF's latest offering, goes 
further by creating a front page whose content represents an explicit community consen- 
sus. Each front page news item is prioritized according to the number of readers who put it 
forward for inclusion. The rest of the newspaper is still personalized according to each 
reader's profile, consisting of reader-defined sections containing topics of interest. 

There are two implications of recognizing the shared nature of news. Firstly, some news is 
news to everybody in a community, no matter how personalized they claim they would 
like their news to be. This implies that the community must make decisions about news 
item priority, either directly (as in Fish Wrap) or indirectly via a proxy (i.e. an editor). 

Secondly, a news item can only be properly understood in the context of the community 
for which it is intended. I his implies that a news item must be branded with its source 
(assuming that the source implies the intended target). As an example, it is significant 
whether a news item regarding the proof of Fermat's last theorem is branded with New 
Scientist or The New York Times. To a professional mathematician, the latter implies, by 
its very existence, that the proof is of significance beyond the scientific community. 
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Most personalization of news uses feature-based filtering. I his means that news item con- 
tent is matched to topics and keywords in the reader's profile. News sources tag the items 
they produce with various information to allow them to be effectively filtered, fhis tag- 
ging may be brief or extensive, and may include such things as news itern urgency, byline, 
news category, subject(s), keyword(s), date and time, and location (43], 1 he body text of a 
news item can also be scanned directly for keywords, but this may result in false matches 
if keywords are interpreted out of context. Items in the text such as personal names and 
locations can be tagged to reduce such ambiguity [43]. Similarly, dates, times, and mone- 
tat^ amounts can be tagged to allow localized presentation. 

Feature-based filtering suffers from a number of problems. Filtering based on tags is only 
as good as the original tagging. The latest tagging standards are only just beginning to be 
adopted [7], Filtering based on the text itself is constrained by the intelligence of the text 
parsing. If based simply on keyword matching, it can be both inaccurate, generating false 
matches because of word sense ambiguity, and imprecise, generating false mismatches 
because of a lack of inference. 

Feature-based filtering is incapable of discerning more abstract attributes such as quality, 
style, and point-of-view (unless they're indicated by tags). And since it only matches 
items anticipated by the user's profile, it is a poor generator of serendipitous fmds. 

Fish Wrap's front page comes into existence based on a crude form of collaborative filter- 
ing. In its broader form, collaborative filtering involves sharing recommendations (or rat- 
ings) among like-minded people [86]. This m.eans that one person's ratings influence 
another person if and only if the two share similar interests, i.e. they have similar rating 
histories. Collaborative filtering overcomes many of the problems of feature-based filter- 
ing, since ratings originate with people who have digested the items in question, rather 
than from automated analysis of the items. Collaborative filtering sidesteps the issue of 
explaining why a person might like a particular item. 

Collaborative filtering has problems of its own. The system only works if people are will- 
ing to contribute ratings. In contributing ratings, of course, they are both doing the com- 
munity a service and tuning their own interest profiles. The statistical error in correlating 
people's interests decreases as the number of ratings increases. However, incentives may 
have to be offered to encourage people to contribute ratings. 

To bootstrap the accumulation of ratings for new items, an independent mechanism must 
exist to distribute them to a critical mass of people. Conversely, to bootstrap the accumula- 
tion of interest profiles for new users, an independent mechanism must exist to distribute a 
critical mass of items to them. 

To allow meaningful accumulation of ratings, a sufficient period of time must be allowed 
to elapse. This may conflict with the timely delivery of items in question. 

The statistical correlation between different people's interests, represented by their rating 
histories, is most meaningful when the ratings apply to homogeneous items. For a set of 
heterogeneous items, collaborative filtering is best applied to homogeneous subsets. 

In a news setting, collaborative filtering is best applied to feature articles. Features have 
the longer life span required to support the accumulation of ratings, and are often appreci- 
ated for abstract qualities best singled out by collaborative filtering (good writing, humor, 
incisiveness, etc.). 
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Naturally, the larger a publication's readership, and the better its taste in relation to a 
potential reader, the stronger the publication's brand will appear to that reader. 

Although it's easy to become preoccupied with automatic filtering, in reality there's more 
to editing the news than just filtering news feeds. An editor also solicits news, commis- 
sions analysis, and offers opinion, ideally ensuring that the publication offers a balanced 
and complete view of the world. 

Perhaps the most important personalization step a reader takes is in selecting a particular 
publication from a set of available publications, based on its perceived quality and rele- 
vance. 

Thus the publication's brand equates to the highest-level and most useful filter of all. 
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5 Netpage System Architecture 

5.1 The Internet 

1 he Internet is a vsorldwidc collection o\ inter conneclecl [letworks which cointniin icdte 
using the i C'P ll' [^notocol suite [S*^)]. A ^C ^^ IP- based internetwork not eoniieeted to ihc 
Internet is otten ret'erred to as nn internet (i.e. u ith a low er-case ' ['). When an internet is 
deployed within an organization, it is often ternied an intranet. 

Access to the Internet is widespread in developed countries. In the United States, \\m 
example, 4l°o of the population has access tt) the Internet [78]. 

While most consumers still access the Internet via low-speed dial-up modems connected 
to the switched telephone system, inexpensive broadband access is becoming available to 
a growing number of households via the cable networks. Cable service is available to 95% 
of American households [87], and cable modem service is available to a 20% subset [8]. 
While dial-up modems ofTer speeds of up to 56Kbps, cable modems oITer practical speeds 
of up to about 3Vlbps', i.e. over 50 times faster. 

DSL (Digital Subscriber IJne) 1 1 1 . 1 2]. while offering similar speeds to cable modems but 
via the telephone system, is not yet widely used. ISDN (Integrated Services Digital Net- 
work), although widely used for corporate access, has had little consumer impact due to its 
high price and ct:>mparatively low performance. 

The deployment of third-generation (3G) cellular telephony within the next few years will 
bring practical mobile broadband speeds of 2Mbps [25]. 3Cj cellular uses WCDMA (wide- 
band code-division multiple access), a spread-spectrum technoiogy. Satellite systems are 
arguably closer to offering even faster broadband Internet access [39.72,93]. 

fhe C(^re of the Internet is made up of a number of independent higli-speed t1l>e!--optic net- 
works connected into NAPs {Network Access Points) or peered directK. These have mitil 
l ecentK used single-wavelength i DM ( l ime-Division Multiplex mg) SON 1 71 (S\ iichro- 
nous Optical Network) transmission systems which utilize abotit l"o (^f an optic fiber's 
capacitN to \ield a 2.5(jbps ()0-48 channel^. Carriers are now beginning to deplo> 
multi-wavelength DWDM (Dense Wavelength-Division Multiplexing) systems which 
vield up to 40 such channels per optic fiber, thus increasing netw ork capacity signiUcantK 
without requiring the laying of more fiber [9,53]. Internet architects are therefore now 
contemplating aggregate capacitv in the terabit { Pbps) range. 

I he lntei"net uses liie tour-la\ er I C "P IP protocol suite. 1 he applical ion la\er' pro\ ules Nat- 
ions end-to-end application services, and is a client ot the iransfiort la>er \shich provides 
ciul-lo-ciui (.le!i\cr\ seiAices. The iraiisport la\er in turn is a client o\ tlic network la)cr 
\vhicli fn'o\ides [racket routnig. The network ki>er is a client of the link la>er \^hlcll encap- 
sulates specifics ol the protocols and hard\vare of the actual communications links. 

The core Internet transport protocol, PCP (Transmission Control Protocol), provides a 
reliable end-to-end deliveiy service. I he core Internet network prottKol, IP (Internet Pro- 
tocol), provides an uiueliahle and connectionless packet routing service IP ma\ k^sc or 
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Jcii[K'ratcl\ discard [backets, and nia> deliver packets oui oTorder. and il is llie icsponsihi I- 
il\ t>f a hiLziier la\er to pr(t\ide a reliai^le end-lo-end service. 

\\ \[U tlie proliferation ot streaiinnL' media services on the lntei-net. support tor multicast is 
spreadiiiLi rapidl>. Multicast is a form ol broadcast with a s[>ecific set of !-ecipients. It 
makes efficient use ol [ietv\oi-k ca[Xicit> because a packet traverses a netvvoik link once 
rather than once per recipient. It is particularly eflicient if die recif^ients are connected to 
the Internet via an intrinsically broadcast medium such as cable or satellite, [ he Vrfiome 
cable net\vt>rk has successful l\ enaliled multicastinu of streaming media services |s()|, 

IP Multicast is an extension of li\ and so is unreliable. While this is often acceptable for 
time-critical data sucti as slreaminLi video, it ma> not be acceptable for other shared data 
types. Signitlcanl ettort is being expended to develop reliable multicast transport proto- 
cols on top ofiP Multicast. Although several reliable multicast protocols are available and 
have been deployed [56,57.40,4 1 |, the Internet standardization process is incomplete |42]. 



5.2 Netpages and Netpage Documents 

Nelpages are the foundation on v\hich a Netpage Network is built. Iliev provide a 
paper-based user interface to published information and interactive services. 



Kl(^tp;3^(" 



Figure 1. Netpage Document structure 

i:ach Netpage consists ol a compact page layout maintained persistently by a Netpage 
Page Server. The page lavout refers to objects such as images, fonts and fiieces of text, 
t>[>icall\ stored elsevvfiere on tlie Netpage Netwoj-k, 

\et[Xige.s are organized into Netpage Documents. Both \et[\iges and NetpaL'c I )oc umenls 
are assigned globalK unique identifiers. 
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I acli Net page DtKunieiit lias a set o( dcKniinciit instances. eaeli ol wfiieli deseribes a 
[M inted instance of tlie docLinienl. l ach Netpage in the Netpage Document has a eorre- 
s[')ondini: set of jiage instances, each ot which describes a printed nislance ot~ the page, 
Bt)tli page instances and doeiinient instances are assigned gk)lxill\ unK]Lie identifiers. 
1 hc\ are also uniqueK associated with the printer on uliicli the\ are printed, and the pen 
\shicii initiated tlie print recjuest. il kiunsn. 

l .acli page instance maintains a set of~ user-suppMed values tor tlelds in the page layout. 
This ensures thai user input is captured and stored independenil\ lor each page instance. 
I he separation of page instances and Netpages is crucial for pages which contain input 
fields, i.e. forms. It is not crucial for pages devoid of input tlelds. but slit I usetui because it 
supports independent auditing of each page instance. 

I he physical page image includes encoded information which identities the page instance 
and hence the Netpage to which it corresponds. It also includes encoded intbrmation 
which superimpo-ses an addressable spatial grid over the page image, to allow pen actions 
pertbmied relative to the page image to be correlated with the contents of the page layout. 

I he encoded information is normally printed in infrared-absorptive ink on any normal 
paper substrate which is infrared-retlective. Near-infrared wavelengths are invisible to the 
human eye but are easily sensed by a solid-state image sensor with an appropriate filter. 

I he encoded information is picked up by an infrared-imaging pen and transmitted to the 
associated Netpage Printer. The pen is wireless and communicates with the Netpage 
Printer using an encrypted radio frequency signal. 

i he encoded infomiation is organized as a set of tags, each containing both the id of the 
page instance and the position of the tag. The lags tile the entire page image, and are sufTi- 
ciently small and densely arranged that the pen can reliably image at least one tag even on 

a single click on the page. It is important that the pen recogni/e the page instance id and 
position on every interaction with the page, since the interaction is stateless. 

I he tags arc error-correctably encoded to make them resilient to errors introduced b\ dirt 
on the page or during the imaging process. 

Menijel-based Netpage Printers are designed to print a tag grid using infrared (IR) ink. 
Printers not enabled for IK printing have the option to print lags using I R-absorptive black 
ink. altliough this restricts lags to otherw ise empty areas of the page. Although such pages 
have more limited functionality than IR-printed pages, they are still classed as Netpages. 

.3 The Netpage Network 

A \et[Xii:c Nel\surk consists ot a dtslribulcd set ot Ncl[Xige Piiblicanon Set\crs. Neti^igc 
PaL^c Scr\ers, and Netpage Printers connected \ ta an internet In tcc^lnological terms this 
document describes ijnv Netpage Net\sork. In business terms it usualK refers to the 
Netpage Network connected via the Internet. 

As indicated abo\e, a Netpage ['age Server maintains persistent information about 
Netpage Documents, Netpages. and tlieir printed instances, to alhns pen operations on 

pf inted pa;'C^ to bo inlcipretcd intel I t;.'cnt K 
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ui wliicli IS cnct)dcd in tlic tau Lin J oi ihc corresponding [^nntcJ pdiic 1 lie \ctpaLic Printer 
nses this ul to retrieve the [\iiie ia\oul of tlie [Xiue from a \et[vme l*aLie SerAer w lien it 
needs [o interpret fX'n tif^erations relatixe to tfie paLie. 

Mie NetpaLie Printer use^ tlie intei-net Distrihnled Name S\ stem (DNS) to r^esoKe a 
NetpaLie mstanee id into a paiie instance niaintainet.! a fxirtienlar- Netpaue Paue Server. 

I fie i:)NS is a protocol and a hierarchical system of name servers used to resolve internet 
dt>rnairi names into rest)urces. I*lanned enhancements to tfie DNS ailcnv it to he used to 
re soke more general Dnitbrm Resource IdentiHers (UR Is), and in particular Dnitonn 
Rest)urce Names (IJRNs). into resource locations |22|. Net page instance ids are tormn- 
lated as I !RNs. allowing the enhanced DNS to be used to resoUe them. In the absence 
tiniel> standardization and deployment of an enhanced DNS on the Internet, the Netpaae 
Network can deplo\ its own svstem ot' enhanced name servers. 

A Netpagc Publication Server is an internet server which publishes Netpage Documents to 
Netpage Printers. It is described in later sections. 

5.4 The Netpage Printer 

I he Netpage Printer is the appliance which prints Netpagc Documents. It is connected to a 
Netpage Network via an internet, idea II \ via a broadband connection. 

Apail from identil\ and securit\ settings in non-volatite memor>. the Netpage Printer con- 
tains no persistent storage. As far as a user is concerned. //?e network is /he computer |9I ]. 
Netpages function interactivel> across space and time w ith the help of tlie distributed 
Netpage Page Servers, independently of particular Netpage Printers. 

The Netpage Printer receives Netpage Documents from Netpage Pubh'cation Servers. 
[■:ach document is distributed in two parts: the page la\outs. and the actual te.xt and ima^e 
ol^iecls vshich populate the pages. Because of pers(mali/ation. page la\outs are t\ picall\ 
sfu^citle \o a particular subscrrber and so are pointcast to the sul^scriberN printer. Text and 
image objects, on the other hand, are typically shared with other stibscrihers. and so are 
multicast to all subscribers' printers. 

Hie Netpage Publication Server ojMimi/es the segmentation of document content into 
pomtcasts and multicasts. After receiv ing the pointcast ot a document's page lavouts. the 
printer knows which multicasts, if any, to listen to. 

Once the printer has received the entire document's page descriptions, i.e. page la\outs 
(Objects, it can print the document. 

I he printer rasteri/es and prints odd and even pages simultaneouslv ou both sides ot^the 
sheet. It tlieretore contains duplexed print engines and imaging units. 

I he printing process consists of two decoupled stages: rasterization of page descriptions, 
and expansion and printing of page images. The raster image processor (RIP) consists of 
one or nu)re standard DSPs running m parallel. The duplexed print engines consist of cus- 
tom processors which expand, dither and print page images in real time, synchronized 
\v ith the of>eration ot^the printfieads in the iriiagim: units. 
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I hcvc au* t.lut Mi.i|*«i i.)L--.i'jn variationv cinboilicd in the \a["ie>iis NctfXiLic Pnnici iii«nloK 

• l<)inij,i,h'f pttMalil(.- wall-mount or lahlctop 

• pnnfh.-ij\\hi!h S' , ( portrait Kiici) i >i I T" ( landscape I cttcr ) 

• piifu^ s.'Uf.r (.III >1k\-i or paper rull 

• //;/. V //, A ; //"// \v ircd or u irek's^ 

I his {o\u\ vatiaiions \ ield three Imsil models cai.h with variants eletei mined b\ 

printlicad width (and heiiee prinlinjj speed), and paper source. Six planned models are 
dcHned m (able 1 and illuslratcd in 1 luiire 

Table 1. Netpage Printer models 



model 


form 
factor 


variant 


printhead 
width 


paper 
source 


Internet 
connect 


Netpage Travelpnnter 


portable 


R 




paper roll 


Wireless 


Netpage Wailprmter 


wall-mount 




cut sheet 


wired or 
wireless 


Pro R 

Pro 
Pro R 




r-->j* sheet 
paper roll 


Netpage Tabiepnnter 


tabletop 


cut sheet 
paper roll 



I lie \\ al IfM inlcr and I ablcfM-intcr niodcK can be tacn>r\ -cont iL^urcd \ar u 

modules. allo\s iiiL' both \\ ired aiul \^ irLdcss \ ct■^lon^. 1 lie I ra\ clfv intcr uscs ;i c 
[^honc module. \\i(h tlic pronnsc of hroadhand speed witlnn a lew \ears 

I lie Wallpnnter models are ideal toi unt>btrus!\e inslallalion in a tmnie. \shM^ 
[uinier models miL-ht be preterted m an ottiee environment. Note tfiai the 
motiels are Wallprmier nu>dels taelor\ -ada[Med tor tabieto[i u.se \ la a ^ land. 

I lie paper roll eariridge contains Ixnii [xipei- and ink. The paper is in the form 
nous roll, cut t)n demand b\ die printer. Ilie I I" paper cartridge ha^ a capa^ 
1 etler sheets It alsd ct>ntains the liIlic suppl\ tor binding die sheets ot 
together. The 8' /' paper cartridge has a capacit\ >0 better sheets, or equi' 
A> sheets. It doesn't contain a glue suppi\ because the Travel printer doesr 
binding iiieclianisin . 

I he 8' printhead modcLs print at 60 pages per minute (i.e. 30 sheets per r 
I b" printhead models print at 90 pages per minute {i.e. 4.S sheets per minute), 

5.5 The Netpage Pen 

I he Netpage Pen operates both as a normal marking ink pen and as a non-ma 
W hen either nib is in contact u itti a Netpage. the pen continuousK monito 
ments relali\ e to the page. The nib is attached to a pressure sensor. I lie pen ^ 
be interpreted relative to a threshold to indicate whether the pen is "up ' or "d 
also be interpreted as a continuous value, for example when the pen i . captm 
ture. to allow tlie i\ill dv namics ot the signature to be verified. 

I he pen determines the position ot its nib on the Netpage by iinaging, in the ir 
trum. an area of the page in the vicinity of the nib. Ft decodes the nearest page 
tion tag, and adjusts the position gi\en b\ the tag to account lor the distance 
area imaged and the actual nib. and the position of the tag in the im;i'jed are 
ihe position resolution of the tag ma> be lo\^. because the tag den-at\ on 
inversely proportional to the tag size, the adjusted position resoluli(Mi is qm 
easiK exceeds the minimum 200 dpi resolution required tor handwritif^^ recot 

IV'fi actions relati\e to a Netpage constM ot a series of strokes. .A ^ti-t>ke e 
sequence ot" tune-stamped pen positions on the page, imtuited b\ a pen-dow 
completed b\ the subsequent pen-up e\enl. A stroke is also tagged with the p; 
Netpage whenever the page id changes, i.e. just at tlie stan of the stroke under : 
cumstances. 

ihe posituMi lags on the Netpage contain \ arious control bits. One ol these : 
pen t(^ activate its -'active area"" 1 I I). Mius a re^iion on the page vvhie ctnTc- 
active area ot a button or fnperlink can be encoded to activate this I I), gr. 
visual teedhaek tiiat the button ov hvperlink is active when the [)en [Xi .■s(.)v^ 
control bit instructs the pen to capture continuous pen pressure reading , and t;. 
with these readings. Thus a region on the page which corresponds to a ^matu^ 
can be enc»- ied to capture continutius pen pressure. 

Whenever the [^en is within range ot <i printer witli which it can co, anunic 
slowlv tlav Its ■•online" 1 II ). When t he [Umi tai is to decode a stroke .'lative 
11 momeiH;; li;. activates its ■■error"' III) When the pen succeeds in d. odiru' 
ative to the [Xii-e. it monient<iri l\ aclivales its "'ok"" 1 l;l). 
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I he pen also coiiiains a pair ot passive acceleronieters nu>unled a( ngiit angles to each 
otiief HI the plane nonnal to the [xmi's axis. I he aceeleronieters resf^otul to ura\ it> and 
allo\\ the pen to coinf^ute its tih. I Ins in turn helps ti aLittvtt)eus its optics and compute the 
nih-to-taii displacenienl. If the ^troke is heinu tauLied w ith pen [Tressitre readings, then h is 
also tagged w ith tilt readings. 

A sequenee of caf^tured strokes, \siiether tagged witli [^en pressure and till or not, is 
relerred to as JiiiUal ink. Digital ink Ibrms llie basis tor the digital exchange of draw ings 
and liandwriling, for on-hne recognition of liand\v riting |^>2|, and tor on-line verillcation 
of signatures. 

i he pen is wireless and transmits digital ink to the Netpage Printer using a radio trequone> 
signal. I lie digital ink data is encrx pted tor securit) and packet i/ed for etHcient transmis- 
sion, but is always Hushed on a [len-up event to ensure timeK liLindling in the printer. 

When the pen is out-of-range of a printer il bufters digital ink in internal memory, vvliich 
lias a capacity of^more than 12 minutes of continuous handwrititig. When the pen is once 
again within range of a printer, it transfers any buftered digital ink. 

A pen can be registered with any number ot printers, but because all state data resides in 
Netpagcs both on paper and on the tietwork. it is immaterial which printer a pen is com- 
municating with at any particuhu" time. 

5.6 Netpage Interaction 

When the Netpage l^rinter receives a digital ink stroke from the pen. it retrieves tlie page 
layout of the Netpage identified in the stroke, to allow it to cotrectly interpret the stroke. 
The printer resolves, via the DNS, the address of the Netpage Page Server which holds the 
page layout, and then retrieves the page layout from the server. If the page was recently 

identified in an earlier stroke, then the printer ma> a! read \ have the address of the relevant 
Netpage Page Server in its cache. It ma> also ha\ e the page lavoiit itself in its caclie. in 
w hich case there max be no need to retrieve it. 

Once the printer has the page layout ot the Netpage to which the pen stroke refers, it can 
interpret the stroke in relation to liie laxout and content of the fxige, i his involves hit-test- 
ing the objects on the page to determine vshich objects the [xmi is interacting w ith. in much 
the same wav that mouse moxemenls and button presses are interpreted in a graphical user 
interlace .system. 

A "click"" is a stroke wiicrc tiie Llistance between the pen down position and the subsequent 
pen {[[) position is less tiian some small maximum. An objccl which is activated bx a click 
rccjuires a click tt> be actuated, i.e a U>nger stroke is ignored. Ihe failure of a fXMi action. 

Niich as a "Nk)pp\"' click, lo icMNtcr l^ inJicatcJ b\ the lack k>\ fc^pon^c trom the [^en s 
-ok - I I I) 

There are two kinds of interactive objects on a Netpage: hyperlinks and form fields. 

\\ hen a hx perl ink is activated, the [printer sends a request to a handler somewhere on the 
network Ihe handler is identified bx a UKi, and the HKl is resolved in the tiormal wa> via 
Ihe DNS lliere ar^e llirec ixjx's of In [^etlinks: L'cncrat li\ [xmI inks, form lixperlinks. and 
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luiiKllcr. It llic cunciii selection contains j Mn<jlc-uoui piece ot texi. lor example, the 
selection haiuiler nia> retuni a sinL:k-pa^e docunieni -iviiil! tfie uord's iiieaninu uithin 
ifie context in uhicli it appears, or a tr-anslation int<i a diflereni laniiua-e I ach h\[K'rlink 
ixfK' l^ cfiaraeten/eJ h\ uhat mtorination is submitted to the [laiidler 



i orin llekis come in tour varieties; checkboxes, text areas, di-ital ink areas, and smnature 
areas. A clieckhox accepts a true or false value, An> tick or slion stroke captured m a 
checkbox area is assigned as a true value to the corresponding field, A text area accepts a 
text string. Any digital ink captured in a text area is automaticalK convened to text via 
on-line handwriting recognition and the text is assigned to the eorrespondinu field. A di 
ita! ink area accepts raw digital ink. An> digital ink captured m a diuital ink area "i^ 
assigned to the corresponding Held, A signature area aceepts a handwritten si-nature. Anv 
digital ink captured in a signature area is auiomaticallx verified and the resulting siunaturc 
token is assigned to the corresponding siunature field. Si 
m detail in a later section. 



ignature verification is discussed 



Because the handwriting recognition algorithm vst>rks "on-line'" (i.e. u ilh aeeess to the 
dynamics of^the pen movement), rather than -ofT-line" ( i.e. u ith aeeess only to a bitmap of 
pen markings), it can recognize run-on discretely-written characters [92 1 with high aecu- 
rae\. w ithout a writer-dependent training phase. 

I>igital ink, as already stated, consists ol^i sequence of strokes, Anv stroke which starts in 
a particular objecfs active area is appended to that area's digital ink stream, readv lor 
eventual interpretation. Any stroke not appended to the i-emainmu inactive area's diLiital 
ink stream. 



Digital ink captured in the inactive area is interpreted as a selectuMi gesture. Anv circum- 
scription of an object is interpreted as a selection of that object. 

Tlie printer maintains a current selection for each pen. The selection ccMitains the most 
recent object selected, resolved uitli reference to the page lavout and content. I he selec- 
tion can be attached to or fiasted into another form, or in general be sui^mitted to a selec- 
iion handler as described earlier. 1 he selection is cleared after an inactivitv time-out. 

lable 2 provides a summarx ot^pen interactu)ns uiih a Netpaiie 

Table 2. Summary of pen interactions with a Netpage 



object 


type 


pen input 


action 


hyperlink 


general 


click 


submit action to handler via URI 




form 


click 


submit form to handler via URI 


\~ form field 


selection 


click 


subfTiit selection to handler via URI j 




checkbox 


tick" 


set field value to true 




text area 


handwriting 


convert digital ink to text 








assign text to field 




digital ink area 


digital ink 


assign digital ink to field 




signature area 


signature 


verify digital ink signature 








assign signature token to field 


none 




circumscnption 


convert digital ink to region: 




— . 1 




select object(S) ifi region 


a 1 e any short stroke 
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As clcscnlicd earlier, user tiipLit on a pli\siea! NetfXiue rs ultinialeK recorded [Persistent l\ 
b\ a Netpage Paae Ser\er totiether \\\{h tlie corresponding page mslance. \o ensure elll- 
cient capture ol user uiput, the printer aceunuilates \upul local l\. lo prevent uf^daie anom- 
alies, however, the printer tetnp(H*aril\ obtains exclusive access to tlie ['Jaue instance troni 
the Netpage I*age Servei-. The printer Huslies input hack to the server and reliiK|uislics 
exchisive access vv fien the usei- initiates a non-local action on the page; alter an inactiv itv 
time-out on tlie page; \shen the printer wishes to tVee up local storage consumed b\ the 
[\ige; and on request trom the server 

When the printer submits a tbrni to a tbrm handler, it simpiv submits the dt)cument 
instance ot" the forni. The tbrm handler retrieves the Held values from the Netpage Page 
Server at its leisitre. 

A form can also act as a shared "blackboard" between the user and tlie form handler, i.e. 
the tbrm handler can querv the contents ot the form fields maintained by the Netpage Page 
Server without the user explicitly submitting the form. 

lor text areas, the raw digital ink is optionally also stored with the page instance on the 
Netpage Page Server. This allows the form handler to interrogate the raw digital ink 
should it suspect the original recognition of the handwriting. I his might involve human 
intervention at the application level for forms which fall certain application -specific con- 
sistency checks. 

f orm fields can optionally be tagged to indicate their meaning, fields tagged in this way 
may include name and address fields, for exarnple. This semantic tagging allows these 
fields to be automatically 11 lied in whenever a "blank'' form is requested by an identifiable 
user, i.e. a user who has registered their identity with the system and linked it to the iden- 
tity of their pen 



I 'ach Netpage is printed w wh the Netpage logo at the bottom io indicate that it is a Netpage 
and therefore has interactive properties. The logo also acts as a "copN"" button. In most 
cases pressing the logt) produces a copy of the page. In the case of a form the button 
instead elicits a page giving the user the option to print the entire foi-m document. And m 
tlie case of a secure document, such as a ticket ov coupon, the button elicits an explanatorx 
note or advertising page. 

1 he default single-page copy function is handled directlv' b\ the relevant Netpage Page 
Server. Special cop> tunctions are handler h> linking the logo button t(^ otiier I 'Rls. 

( )nce a Netpage form ha^ been sul^milted. it is marked as suhmided h\ the Netpage Page 
SeiAcr and cannot be suhnnlted again An attempt u> i\o so elictiN a -^l.itus report iiulicatiti^' 
when It was submitted. A cop\ the torni can still be made. .)hered. and re-Mi hm ilted. 



i he Netpage l^rinter has a single button labelled "help'\ When pressed it elicits a single 
page of inft^rmation, I his information includes the following'; 
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Standard Features of Netpages 
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The Help System 
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• ^locuincni rtinctK>n niL'iui 

• Utp-lc\cl \c(fXiL!c Network dircctoiA 

I liL- liclp iiiciiu pro\ kics a h loiai cli ica I Mianual on iiow lo use tlic Net [\iL'e S\ sicni 
i ho doeuniciit t\)!ictioii iiioiui ineludcs llic tollowiiii: tiitictunis 

• print a cop\ (it a document 

• i^ritit a clean cop> oi a torni 

• prant tlie status of a dticMineiii 

A document functit)!! is itiitiated b\ siinpi\ pressing tfie button atul then touehin:^ an\ [>a!ie 
ot tlie document. I lie status of a document indicales w ho pubhshed it and when, to whom 
It was delivered, and to wliom and wfien it was subsequentK submitted as a ttirm. 

Ilie Netpage Network director allow s the user to navigate the hietarchx of publications 
and services on the network. 

I'he lielp page is ob\iousl\ unavailable if the printer is unable to prmt In this case tlie 
"error'" light is lit and the user Ccm request remote diagnosis over tiie network. 



?^^- May T 



?4 



Silver brook F^esearch 



Netpage System Design Description 



preliniinar^ vO 



6 Personalized Publication 
Model 

In the tollou iiiLi discussion, nc\vs is used as a canonical [niblieatuMi exainple to illustrate 
[iersonali/.alit)ii nicchauisnis in the Netpaue System. AlthouLili ne\ss is often used in the 
liniiled sense t>t newspaper and new s niaga/ine new s, the intended scope is w ider. 

!n tiie Nelpage System, the editorial content and the advertising content of a new s puhtica- 
tion are personalized using diHerent mechanisms. ! he editorial content is personal i/ed 
according to the reader's explicitl\ staled and implicitl\ captured interest profile. 1 lie 
advertising content is personalized according to the reader's iocalit\ and demographic. 

6.1 Editorial Personalization 

A subscriber can draw on two kinds of news sources: those that deliver news publications, 
and those that deliver news streams. While news publications are aggregated and edited by 
the pu.blisher, news strennis are a*MJregated either bv a news publisher or hv a specialized 
news aggregator. News publications typically correspond to traditional newspapers and 
news magazines, while news streams can be many and varied: a ''raw"' news feed from a 
news service, a cartoon strip, a freelance writer's column, a friend's bulletin board, or the 
reader's own e-mail. 

The Nelpage [Publication Server supports the publication of edited news publications as 
well as the aggregation of multiple news streams. By handling the aggregation and hence 
the formatting of news streams selected directly by the reader, the server is able to place 
advertising on pages over which it otherwise has no editorial control. 

1 he subscriber builds a dail\ newspaper b\ selecting one or more contributing news pub- 
lications, and creating a perstMialized version c^f each. 1 he resulting dail\ editions ai"e 
printed and bound together into a single newspaper. I he \aritnis members of\i household 
t\picall\ express their different mterests and tastes by selecting ditTerenl dail\- publica- 
tions and then customizing them. 

l oreach publication, the reader optionalK selects specitlc sections. Some sections ap[K\ii" 
daily, while (nhers a[^i^ear weekl\. fhe dail\ sections available from 1 lie New York l imes 
online, for example, include "Page One Plus", ''National ", "International", ''Opinion", 
"Business". "Arts 1 iving", "1 echn(^tog\ ". and "Sports", fhe set of available sections is 
t>h\iousl\ specitlc to a [Mil^l icat ion. as is the default subset. 

1 he reader extetuis the dail\ nc\^s[Xlper h\ creating custom sections, each one drawing on 
an\ number ot nov^^ streams ( iisiom sections inii:hi he created tor e-mail and triends" 
announcemenfs ( ' Pci sonaf" ). (h tor mt)niloring ne\^s teeds tor specitlc topics (".-Merts" or 
" t ■ lipptngs" ). 

Por each section, the reader optionally specifies its size, either qualitatively (e.g. short, 
medium, or long), or numerically (i.e. as a limit on its number of pages), and the desired 
[MoptMlion (^f advertising, either qualitativelv (e.g. fiigfi. normal, lo\s. none). t>r numeri- 

i i e MS a t^ei"cenia:'C ) 
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An article nia> also tx' u nncii (or edited) in tiilVerent versions to inateli the expected 
sophistication ot the reader tor example to provide c[iildren\ and aduhs" versions. [ lie 
a[i[>ro[^riate ver sion is selected aecordini: \o the reader 's a^e. 

I lie articles which make up each section are selected and prioriti/ed hv (he editors, and 
each IS assigned a useful liteiime. i^v delaiilt thev are dcMvered to all relevant subscrihers, 
in fM ionlv order, subject to space constraints in the suhscribers' editions. 

hi sections vviierc it is appropriate, the reader mav optionallv enable collaborative filler- 
inu. I his IS then applied to arlicles w hich have a sufllciciitlv long litetinie. [ ach anicle 
which qualifies for collaborative tlltcnng is printed with rating buttt)iis at the end ol the 
article. I ho buttons can prt)v ide an easv choice {e.g. "liked" and "disliked"), makrrm it 
more likely tliat readers w ill bother to rate tfie arlicle. 

Artrcles w ith high priorities and shorn litetimes are theretore efVectivcK considered essen- 
tial reading b\ the editors and are delivered tt> most relevant subscribers. 

The reader optionally speciiles a serendipity factor, either qualitatively (e.g. do or don't 
surprise me), or numerically. A high serendipity factor lowers the threshold used for 
matching during collaborative filtering. A high factor makes it more likely that the corre- 
sponding section will be filled to the reader's specified capacity. A different serendipitv 
1 actor can be specified for different davs of the week. 

I he reader also optionallv specifies topics of panicular interest within a section, and this 
modifies the priorities assigned by the editors. 

The speed of the reader^ Internet connection affects the qualitx at w hich images can be 
delivered. 1 he r^eader optionally specifies a preference for fewer images or smaller images 
or both. !f the number or size of images is not reduced, then images may be delivered at 
low er- c)iiaht\ . 

At a global level, the reader spec dies how quantities, dates, times and moneta[-\ values arc 
localized. I hrs involves specrfying whether units are imperial or metric, a local time/one 
and time format, and a local cuiTencv. and whether the locah/ation consist of//; miu tr^ans- 
lation or annotation. 

lo reduce reading ditriculties caused b> poor evesight, the reader optionalK specifies a 
global preference for a larger presentatron. Both text and images are scaled accor-dmgl>; 
and less infomiation is accommodated on each page. 

1 he language in which a news publication is published, and its corresponding text encod 
ing. IS a property of the publication and not a preterence expi'essed b\ the user. How ever, 
the Netpage Network mav provide automatic translation serv ices in various guises. 

Advertising Localization and Targeting 

The personalization of the editorial content directly affects the advertising content, 
because advertising is typically placed to exploit the editorial context, travel ads. for 
examptc. are more likely to appear in a travel section than elsewhere, fhe value of the edi- 
torial content to an adverliser (and tfierefor-e to tfie publisfier) lies in its al^ilitv lo attract 
large numbers of r-eaders w itfi the riglit demogr"a[^hics. 
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r:rtccti\c acl\crtisinLi is [liaccJ on the basis ol !ocalit\ and JcmoLzraf^fiics. I ocalit\ deter - 
mines pro\iinit\ io [xirtieiilar ser\ iees. retailers ete.. and parlieular interests and eonceriis 
assoeiated u itli tlie loeal eoniinuiiitN and eru iroiinient I )enu)L:ra[Th ics determine general 
interests and preoccupations as wxW as like!\ s[')endinLi pallerns. 

A news publisher's most profitable [iroduet is advertising! "space", a nuilti-dimensional 
entit\ determitied b\ the put^lication's L^eoLiraphie coverage, tlie si/e ol" its reatierslii[^. its 
readership demograpliies, and tfie page area available tor advertising 

In tfie Ncipage Sv stem, the Netpage IHihiieation Server eompmes the approximate 
m u it i -dimensional si/.e of a publication's saleable advertising space on a per-section basis, 
taking into account the publication's geograpliic coverage, tlie section's rcadersliip, the 
si/e ol each reader's section edition, each reader's advertising proportion, and eacli 
reader's demographic. 

In comparison with other media, the Netpage System allows the advertising space to be 
defined in greater detail, and allows smaller pieces of it to be sold separately. It therefore 
allow^s it to be sold at closer to its true value. 

for example, the same advertising ^^slot" can be sold in varying proportions to several 
advertisers, with individual readers' pages randomly receiving the advertisement of one 
advertiser or another, overall preserving the proportion of space sold to each advertiser. 

Fhe Netpage System allows advertising to be linked directly to detailed product mfomia- 
tion and online purchasing. It therefore raises the intrinsic value of the advertising space. 

Because personalization and localization are handled automatically by Netpage Publica- 
tion Servers, an advertising aggregator can provide arbitrarily broad coverage of both 
geography and demographics. The subsequent disaggregation is efficient because it is 
automatic. 1 his makes it more cost-elTective tor publishers to deal v\ ith advertising aggre- 
gators than to direct 1\ capture advertising. l-ven though the advertismg aggregator is tak- 
ing a proportion ol advertising revenue, publishers ma\ find the change protlt-neutral 
because of the greater eff1ctenc> ol^ aggregation, fhe advertising aggregatt)r acts as an 
intermediary between advertisers and publishers, and may place the same advertisement in 
multiple piiblicaticMvs. 

It is worth noting that ad placement in a Netpage publication can be more complex than <id 
placement in the publication's traditional counterpart, because the publication's advertis- 
ing space is more complex. While ignoring the full complexities of negotiations between 
advertisers, advertising aggregators and put^lishers. it is clear that the Netpage Svstem 
should ielealK [M"ov ide some automated sujT[^ort iov these negtUiatuMis. uieluding support 
for automated auctions of advert ismg space. AutomatKMi is pariicularK desirable tt>r the 
[placement of ad v crt i semen I ^ \^ Inch venerate siiKill aniounlN ol income, i c. small or liighK 
Utca h/ed ad\ eri iscments 

Once placement has been negotiated, the aggregator captures and edits the advertisement 
and records it on a Netpage Ad Server. Correspondingly, the publisher records the ad 
[placement on the relevant Net[Kige Publication Server When the Netpage Publicatit)n 
Server lavs out Ctich user's personalized [Hiblication. it flicks the relevant advertisements 
from the Netpa'jc Ad Server 
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6.3 User Profiles 

I lio pot son;ili/ai !on ot news And older put^licat ions rclios t>n an assoriiiienl ot iisei -spec i he 
pt titllc intt^'niat ion : 

• [^ul^licatuui custom i/al ions 

• col lahorai!\ c IlltcntiL: \cclors 

• contact details 

• presentalioii pretereiices 

1 he custom i/ation ot a publication is t\[^icali\ publ ication-specttlc. tuul so the custonu/a- 
lioii information is nunntanied by the relevant Netj^aue Pui^lication Server. 

A coHahorativ c Altering vector consists tif the user's ratings of a nunil^er ot^ nevss items. 
As described earlier, it is used to correlate ditVerenl users* interests tor the purposes ot" 
making recommendations. Although there are benefits to maintaining a single collabora- 
tive nitering vector independentlv of an\ particular publication, there are two reasons vvhv 
it is more practical to maintain a separate vector for each publication: tlicre is likely to be 
more overlap between the vectors of subscribers to the same publication than to ditterent 
publications: and a publication is likely to want to present its users" collaborative filtering 
vectors as part of tiie value of its brand, not to be ft)und else\shere. Collaborative filtering 
vectors are ttieretbre also maintained by the relevant Netpage Publication Server. 

C ontact details, including name, street address, /il' code, state, country, telephone num- 
bers, etc.. are bv their nature global and are maintained bv a Netpage Registration Server. 

Presentation preterences. including th(^se tor quantities, dates and times discussed earlier, 
are likewise global and maintained in the same way. 

1 he localization of advertising relies on the localitv indicated in the user's contact details. 
\s h i le the tari^et ing ot adv ert isini: relies on personal intorinatiori sncfi a^ dLite (^f birth, gen- 
der, marital siauis, ineome. [Trotcssion. educaiion. eic . oi qualitative Jerivatives sucli as 
age range and income range. 

I or those users who choose to tcveal [personal intormation tor advertising purposes, ttie 
inlormation is maiiuainet.i l^v the relevant Netpage Registration Server In tlie absence of 
such information, advertising can be targeted on the basis t^l'the demographic associated 
with the user's /IP or ZIP '4 code. 

bach user, pen and printer is assigned a global Iv unique identifier, and the Netptige Regis- 
tration Server maintains the relationships between liiem. The server also keeps track of 
^^hIch publications a user has authorized to f^rini on [Xirticular [printers. |-ach user mav 

fiave several pens, bu; a [Xmi is specific to a sinijle user \ pen nia\ kMov\ an> number o\ 
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f^nntcrs. and a printci" nuiv kiio\s aii\ luiinlu'r i>t [Xmis 1 hcsc rclalionsliips ai^c illuslraicJ in 



. [_.;.. 



Figure 3. User registration relationships 

I he pen identifier is used, in the form of a URN. to locate the corresponding user proHte 
maintained by a particular Nelpaue Registration Server, via the ONS in the usual way. 

6.4 Intelligent Page Layout 

The Netpage Publication Server automatically lays out the pages of each user^s personal- 
ized publication on a section-by-section basis. Since most advertisements are in the form 
of pre-formatted rectangles, they are placed on the page before the editorial content. 

The advertising ratio for a section can be achieved with wildly varying advertising ratios 

on individual pages within the section, and the ad layout algorithm exploits this. The algo- 
rithm attempts to co-locate closeU tied editorial and advertising content, e.g. ads for roof- 
inu material placed speciUcalK \^ ith the publication lu'causc of a special leature on 
do-it-> (uirself i-ootlng repairs. 

The editorial content selected lor the user i.e. text uith associated images and graphics, is 
then laid (Hit according to various aesthetic rules. 

The entire process, including the selection of ads and the selection ot editorial content, 
must be iterated once the layout has converged, to attempt to more closely achieve the 
user's stated section si/e prelLMcnce. The section si/e preterence can. however, be 
matched on nwfLiiic o\ er time, allow mg signitlcant da\ -lo-da\ \ anaiuMis. 

6.5 Document Format 

( )nce the document is laid out. il i^ encoded lor cl t icient Ji^li ihut ion and pciMsiLMii storage 
on the Netpage Network. 

The priniatA' efUciencx mechanism is the separation of information spec 1 11c to a single 
user's edition and information shared between multiple users' editions Hie specillc infor- 
mation consists of the [xige la>c)ut The shared information consists ot the objects to w hicli 
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[Mceisc coptrt^l lo\t totniallinii iDtlcpcruleiit i> of tiic rcLiion iiiui winch the lc\t is 

iK-in^: scL in tliiv case is [-icinLZ prin ulcil by llic la\tuil. I lie loxt ohjccl ctMilainN 

cm bet] Jl'cI lariLiuaLic codes U) enable anloinalie translation, and enibcLlded h\plienatuMi 
hints to aid \^ ith [laraL'.raph tormattinL!. 

An image ob|CCl encodes an imaLie m the JIM Xi 1. 14. 4.-^1 ^^ a\ e!ct-based coni[M essed 

imaLie format to achie\e liiLih qiialit\ at compression ratios cxcecdmL: 10:1. 

A graphic object encodes a 21) graphic in Scalable Vector draphics (SVd) | 1 04 | format. 

riie la\ out itself consists of a series ol' placed image and gra[Miic objects, linked textllcns 
objects throLigli uhich text objects flow. In per I inks and input fields as descrilx-d earlier, 
and w atermark regions. I licse knout objects are summari/ed in l able .v The la\ t>ut irses a 
compact format suitable tor cftlcient distribution and storage. 

fhe layout is tagged w ith the version of the text- setting algorithm used b\ the Netpagie 
Publication Server when the layout was frst created, allowing the Netpage I^rmter to 
exactly reproduce the physical layout intended by the server. 

Because Netpage FYinter software is automatical Iv upgraded over the Netpaue Netv\t)rk. it 
is feasible to for Netpage Printers to contain evetA' version of the text-setting algorithm. 



Table 3. Netpage layout objects 
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a arbitran/ multi-edged shape defined with spline paths 



6 Document Distribution 

As described above, for purposes of efUcient distribution and persistent storage on the 
Netpage Network, a user-spec i tie page layout is separated trom the shared objects to 
which it refers. 

When a subscribed fniblication is read\ to Ix- distiihuted, the Netpage I'ul^l leal ion Set\er 
allocates. \Mth the help ot the Net[xige Id Server, a gKtbal!> unkjiie id tor eaeli fxige. page 
instance, elocument. and di>cunient instance 
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I lie scr\ er computes d set oldptinii/cd sul^scts of the sliarcci content and creates a nnill]- 
east eliaiiiiel tor eaefi subset, and then taus each user-specitlc la\out \\\\h the names ot tfic 
nuikicast cliannels \shich w \\\ cariA t[ie sliared content used h\ that la\ tnit. The ser\ertlien 
pointcasts eacli user s la\ouis to tliat user, and ulicn the [^ointcastini: is complete, muUi- 
casts tlie sliarcd content oti tlie spec! tied channels. After recei\niu its pointcast. each 
Netpage l^rinter subscrilu's to ttic multicast channels sfxxitled iti the page la\outs. DuriUL: 
the iiuilticasts, eacli printer extracts trom the nudticast streams those objects retercnced b\ 
its page layouts. 

Once a printer has received all the objects to which it page la> t)uts refer, the printer re-cre- 
ates the tully-populated layout and then rasteri/es and prmls it. 

i he server also delivers each page layout to the relevant Netpage Page Server, which ma> 
be co-located with the Netpage Publication Server, or may be located elsewhere on the 
network. Thus the page layouts are persistently archived as Netpages. It is the responsibil- 
ity of the Netpage Publication Server to preserve the shared objects referenced by the 
Netpages, to ensure that they are really persistent. It may choose to archive these shared 
objects elsewhere on the network at any time. The object UF<ls embedded in the Netpages 
aliow the objects to move. 

Because of limited memory in a Netpage Printer, the printer may be unable to make use of 
a multicast when it first occurs, t he Netpage IHiblication Server therefore allows printers 
to submit requests for re-mu Iti casts. When a critical number ot^ requests is received, the 
server re-muiticasts the corresponding shared objects. 

Once a document is printed, a Netpage Printer can produce an exact duplicate at any time 
by retrieving its page layouts from the relevant Netpage Page Server, and retrieving the 
objects to which it refers from the network. 
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Security 



Cryptography 



( rxpto-raphN is used to pnncct scnsitixc in lonnal loii. both m siorauc and in iiansit and to 
authcruicatc parties U) a transaction. I here are two classes ot crN'pto-raphx in widespread 
use: secret-ke> crvpiographx and puhlic-ke> cr> pio-rap[i> . 1 lie Netpaue Network uses 
bolli classes of cr\ptograpfn . 



Secret-ke\ cr> ptouraph>, also referred to as s> tnnietnc crx ptograpfn . uses tfie same key to 
cncopt and decrypt a message. luo parties wisliing to exchanue messages must first 
arrange to securel\ exchange the secret key. 

Public-ke> cr> ptography, aLso referred to as asymmetric cryptographN , uses of two encryp- 
tion kcN s. I he two ke>s are mathematically related in such a waN that anN messa-e 
encrypted using one ke> can only be decrypted using the other key. One of these keys^is 
then published, while the other is kept private. The public kev is used to encrx pt anv mes- 
sage intended for the holder of^ the private key. Once encrxpted usinu the public^ey a 
message can only be decrxpted using the private kex. Thus two parties can secure!) 
exchange messages without Hrst having to exchange a secret ke%. lo ensure that the pri- 
vate key IS secure, it is normal fbr the holder of the private ke> to generate the kcN pair. 

i^iblic-key cryptography can be used to create a digital signature. If the holder of the pri- 
\aie key creates a known hash of a message and then enaypts the hash usnm the private 
ke\, then anyone can verify that the encr>'pted liash constitutes the -sionature" of tlie 
lioider ol the private ke> with i-espect to that particular messaue, simplv by decrypting the 
encrypted hash using the public key and verifying the hash against the message. If the sig- 
nature IS appended to the message, then the recipieni of the message can \enf\ both thai 
the message is genuine and thai it has not been altered in transit. 

lo make puhlic-ke> cr> piograpty work, there has to be a wa> to distribute public kevs 
which prcN ems impersonation, d his normaM> done using certitlcalcs and cernncate 
^-^^nitlcaie auihorii> i^ a trusted third part) uhich authenticates the connec- 
tion between a public ke> and someone^ identit), I he certificate autluM^itx verities the 
person's identit) b> examining identit) documents etc.. and then creates and smns a diui^ 
tal certificate containing the pet-son\s identity details and public kev. Anvone wh(^ tnjsis 
the certificate authority can use the public key in the certificate with a hi^h de-ree of cer- 
tainty that It IS genuine. l he> just have lo verif) that the certitlcale has indeed been siuned 
b) the certificate authorit). whose public ke\ is well-known. 

In most transaction environments. publK-kc) cy ptography is onlv used to create digital 
Mgnatures and to securel) exchange secret session kevs. .Secrel-kev cr) ptograpliv is used 
tor all otfier [^urpose^ 

In the following discussion, when reference is made to the secure transmission of informa- 
tion between a Netpage Printer and a set-ver. what actualiv happens is that the printer 
obtains the server's certificate, authenticates it with reference to the certificate authority, 

uses the public key-exchange key in the certificate to exchange a secret scsskmi kev with 
the ^ei^^cr. and then uses tlic secret session kev to enciy pt the message data. A ^r^Mun kev. 
b) definition, can have an arbitrarilv sliort hfetime. 
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2 Netpage Printer Security 

I acli Nclpagc Printer is assigned a [\iir of unique idcnlitlcrs ai nine of inanutaeture whieh 
are stored in read-()til\ ineniotA in the printer and in llie Netpage Registration Server data- 
base, riie first id is publie and iiniqiieix identities tlie pen on tlie Netpage Network. The 
seeond id is seeret aiKi is used \siien the printer is first registered on the netwoi'k 

When tlie printer eonneets to the Netpage Network for the first lime after installation, it 
creates a signature public private key pair It transmits the secret id and the publie ke\ 
securely to the Netpage Registration Server. I he server compares the secret id against the 
printer \ secret id recorded in its database, and accepts the registration if the ids match. It 
then creates and signs a certificate containing the printer's public id and public signature 
ke\. and stores the certificate in the registration database. 

I he Netpage Registration Server acts as a certificate authority tbr Netpage Printers, since 
it has access to secret information allowing it to verify printer identilv. 

When a user subscribes to a publication, a record is created in the Netpage Registration 
Server database authorizing the publisher to print on a particular printer [:ver\^ document 
sent to a printer is signed by the publisher using the publisher's private signature key. I he 
printer verifies via the registration database that the publisher is authorized to print on tlie 
printer, and verities the signature using the publication's public key, obtained from the 
publisher's certificate stored in the registration database. 

I he Netpage Registration Server accepts requests to add printing authorizations to the 
database, so long as those requests are initiated via a pen registered to the printer. 

I he user can register a Web terminal as a "publisher" authorized to print on a printer. This 
is useful if the user has a Web terminal in the home which is used to locate documents on 

the Web for printing. I he authorization occurs as follows: the user prints a Web terminal 
authorization fbrm. (he Netpage Registration Server generates a short-lifetime 
one-time-use id fbr the Web terminal which is printed on the form, together with the URl 
of the printer. The Web terminal is used to navigate to a Netpage Registration Server re^- 
istration site, w here the one-time-use id is entered, as well as the URl of the printer. I he 
Web terminal generates a signature public private ke\ pair. 1 he server allocates a pub- 
lisher id fbr the Web terminal, creates and signs a certificate containing the publisher id 
and the public ke\, and stores the certificate in ihe registration database. The URl of the 
printer, the publisher id, and the private signature key are stored locally on the Web termi- 
nal. 

Whenever the Web terminal wishes to print on the [printer, it sends the [^-inter a request 
containing the I'Rl of the tlocument to be printed, together \\ \{h the publisher id. signed 
\^llh the Web tcr^ll^Ki^^ private signature ke>. ( )n receipt of the request and before actm*/ 
on It. the printer verities publisher id and siL^nature in the usual wa\ 

I he user can print at list of current printing authorizations at any time, and retract any 
which are being abused 
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A Nctfiauc Pen can kiuus a niimlxM- of" Nctpairc Primers, and a printer ean know a ntJinl^cr 
ot pens. A pen eiMiininnieates with a printer \ la a radio trequene) siiinal whenever ii is 
withm raiiLie tif tlie printer. Once a pen and printer are reLiistercd. t!ie> ie-ukirl\ e\elian-,:e 
session ke\s. Whenever the pen transmits diuital ink lo tlie printer, it al\\a\s uses the 
ap[M-opriate sessn^n ke>, DiLiital ink is never transinitteL] m tfie clear. 

A pen stores a session ke\ lor e\er\ prmter is knows, indexed b\ printer id, and a printer 
stores a session key for eveiA^ pen it knows, indexed by pen id. I^oth ha\ e a finite stora-e 
cafxicitN lor session ke\ s. and will a forget session ke> on a least-recentK -iiset] basis if 
necessarx. If either a pen or a printer forgets the other, tlien tlie> simpl> have \o -o thou-h 
tlie antomatic registration procedure again. 

VVtien an unknown pen conies within range ol^ a printer. tlie\ soon discover the> don t 
know each other. Under these circumstances the pen simpl\ ignores tlie printer until it 
finds itself in the charging cup, at which time it initiates the registration procedure. 

In addition to its public id. the pen contains a secret id and a secret ke\ -exchange ke>. both 
intended for one-time use. Ihese are also recorded in the Netpage Registration Server 
database at time of manufacture. During registration, the printer obtains the secret id from 
the pen. Because it is transmitted in the clear, it may be intercepted by someone listening 
in. rhe printer transmits the id securel\ to the Netpage Registration Server, which 
responds securely with the matching key-exchange ke\, together- w ith a newK -generated 
secret id and ke\ -exchange key. rhe printer generates a session ke\ for the pen and trans- 
mits it to the pen encrxpted using the one-time-use key-exchange kev. It also secureK 
transmits the new secret id and key-exeliange key to the pen, which saves them for the 
next registration procedure. I hex now match the pen's record in the Netpage Registration 
Server database. 

ff the secret id transmitted in the clear from the pen to the printer is intercepted and used to 
retrieve the secret ke\-exchange ke> from tiie Netpage Registration Server beft^'c the 
printer queries the server, then the server rejects the printer's tiuer\ because the secret id 
out-of-date. 1 luis the printer knows that tlie pen has been compromised, and recommends 
that it be returned for repair. 

Whenever a pen is registered, the Netpage Registration Server prints a registration lorin 
allowing the pen to he registered in the name of a user. 1 he pen can be registered to an 
existing user in the registr^ation database, in which case the user's optional password ma. 
have to be provided, or new user details can be entered. 

1 he pen uses secret-key rather than public-ke\ encrxption because of hardware perfor- 
mance constraints in the pen. 



'.4 Secure Documents 



1 he Netpage System suppons the deliverx of secure documents such as tickets and cou- 
pons. The Netpage Printer includes a facility to print watermarks, but will only do so on 
request from publishers who are suitably authorized. The publisher indicates its authoritv 
to print watermarks in its certificate, which the printer is able to authenticate. 

The -'vsatermark" printing process uses an alternative dither matrix m sfiecified -Asatei 
mark'" regions of the page. Back-to^back pages contain mirror-image watermark region - 
which ctMiieide when printed I he dither maUiees used in odd and even panes" watermark 
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roiiioiis arc Licsigncd to produce an itUcrtcrcncc ctlccl when ihc tcLiioiis aix' \lc^^cJ 
toiicthcr ' 1.0. when lookiiiu (hrouy^li ihc printed slieei. 

I'he efteei is siniilar lo a vsaterniark in that it is not visible \s hen looking! at onl\ one side 
of the pauc- and is lost \shen the paue is copied h\ nor*nial means. 

As desc rilled eaiiier, [xjges of secure documents cannot he ct)pied usinu the IniMt-in 
Netpage ct>p\ meciianism. This extends to C()p\ iim Net pages t)n Net page -a ware photo- 
copiers. 

Secure documents are t\picall\ generated as part of e-eommerce transactions. I hcN can 
tfi ere fore include the user's photograpli whicfi was captured \s hen the user registered bio- 
nielric intcM-niatioti with the Netpage Registration Server, as described in the next section. 

7.5 Non-Repudiation 

In the Netpage System, forms submitted by users are delivered reliably to fbmis handlers 
and are persistently archived on Netpage Page Servers. It is therefore impossible for recip- 
ients to repudiate deliver\. 

li-commerce payments made through tlie system, as described in the next sectioti. are also 
impossible for the payee to repudiate. 
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8 Electronic Commerce Model 



8.1 Secure Electronic Transaction (SET) 

[ iic Noipaiic System useN ;he Secure l-.leetronic Iransaction {SI. I i s\stem as its p.i 
nieiu system iiuxJel. Aitli ugh SI 1 is nol yet widely supported, it is comprclienstve a' 
elegant and w ill proliahl) ecDine domifiatit in the near future. 



SI i, [laving been develoj 
a[;d this is relleeted in tli 
tlic t\ pe of accounts hein^ 



1 b\ MasterCard and \'isa. is t)rgani/C' .iiound [^a\ment eai 
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;sed. 



In SI , [, cardholders and n 
c- [-titlcates containing the 
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e pa> inent gateua\. 
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ed \\ idel\. paril\ because cardholder i .iintenanee o}~ ke\ s 
-rdensome. Interim solutions which \ • tain caidhc^lder I: 
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8.2 SET Payments 

hi [lie Net[Xige S\stem il 
ij- er ( I.e. the cardholder) \ 



^set[^age Keg i si rat ion Server acts as 
Nin pa> tiient transactions. 
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8.3 Micro-Payments 

l iic Ncl[Xigc Nclwot k imcUkIcs a mcciiaiiisni \o\ tn icfo-pax incnts. u> allow the user {o be 
corn ciiicntis chaructl tof print iiiu low -cost tlocuniLMUs on dcniancl and tor co[^\ ing C(^p\ - 
riLiht documcrus. an<.l [^o.ssihl\ also to allow the user to reimbursed tor expenses incurred 
in [^ritilinu adNcrtisiim material, t he latter depeiuis on the level tit' suhsid\ alread\ pro- 
vided tt) the user. 

Wfien ttie user regrsters tor e-C(^ninierce, a network account is establislied w hich auure- 
gates niicro-payinents. I he user receives a statement on a regular basis, and can settle an\ 
outstanding debit balance using the standard payment mechanism. 

The network account can be extended to aggregate subscription tees tor periodicals, which 
would also otherw ise be presented to the user in the tbrm of individual statements. 
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9 Applications 

1 ho Nctpauc Nctuork lias ihc potential to stil^suinc a \s iJc \af ict\ ot api^l icat ions in boiU 
traditional and electronic media. I [iis section sketches some of tfie possibilities. 

A quick siimmarN ot af-jplications: 

• perst)nal i/ed newspaper and maaa/ine subscriptions 

• tree lance columns and bulletin board subscriptions 

• on-demand Hvers and product brochures 

• on-demand books 

• e- commerce purchasing from online and traditional catalogs 

• dcliveiA ofstatemenl and invoices, w ith online pa>nient tiicilit\ 

• delivetA secui'c document (tickets, coupons and licenses) 

• perrect copying with copyright micro-pavments 

• mail replacement 

• form printing, fill-in and submission 

• deliveiA of e-mail and facsimile 

• Web browsing and printing 

• corporate intranets 

• government services 

• photo album 

• computer printing 

9.1 Personalized Subscriptions 

The strength of the Netpage Network lies in automat icalK Llelivenng subscribed periodi- 
cals, at a print t]ualit\ equalling or exceeding that of their traditional counterparts, w ith 
editorial content personalized to individual interests, advertising content localized and tar- 
geted to iiuliv idual localities and demogra[Miics. and adv ertising directlv hnkeel io detailed 
product information and product purchasing. 

9.1.1 Newspapers and Magazines 

l ite Netpage Network otVers a new delivery mechanism to tlie S24 billion newspaper and 
news magazine market which is boih more cost-cl feet i\ e than centralized [Printing and dis- 
tributuMK and allows more llne-grained largetiiii: o\ advertising. 

I he smiples[ form o\ news pcrs^xuil i/aiion involve^ selecting a news [Hibiicatton and 
choosing vsiiich dailv and weeklv sections to receive. 1 he sini[^lest toini ot advertising 
personal izxit ion is tuned to the demogiaphics associated with the subscriber's /II' or 
7IP+4 code. Even with these entry-level fonns of personalization, the Netpage Network 
ofTers a compelling distribution model tor nevss. 

I 'sers receive pa[ier publications with the usabilitv ot their traditional counterparts. Init 
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An> niciga/inc nortnallN [printed on I i!.'.h{\\ oiulu [\i[>cr stock is cc|iKiil\ \\ cl i-sLiitcd to distri- 
hutitMi oil tiic Nct[\ii^c Nct\^ork [lo\scvcr, since NctpdLic l^-iiitcrs don't cai iA hca\ ici 
[xi[XM" stocks and don"! [^ro\ idc w r ap-aroiuui hinditiu. tiic \ct[\tL:c Nct\\oi-k is less 
wcli-suitcd to the elistt ihution ot so-caik\l "gk^ssv" iiiaua/ines 



9.1.2 Freelance Columns and Bulletin Boards 

Users can chotisc to subscribe to individual tree lance columns, cartoons, etc. Tbese can be 
iiiteurated into a user's dail> neus LU>cuinent, ov printed indiv idual l\ . I reelancers Cciii 
choose to receive tn icro-pa> nients from llieir subscribers, freeing them from niaintainnm 
tfieir own subscriber databases. The Netpage Network [m-o\ ides mechanisms tor fiandhm: 
m iero-payments. 

Users can also subscribe to tlie "Ixilletm boards"" ot" t"riends; collections of ne\^s. 
announcements, pictures etc., wtiich \sork much like tVeelanee columns. 



9.2 On-Demand Publications 

Ihe Netpage Network can deliver, on demand, current and back issues ot periodicals nor- 
mall\ dehvered t)n subscription, including newspapers, magazines, and comics. To main- 
tain the interact ivit> ol all Netpage s ever printed, tiie Netpage Network keeps all 
published content online at all tunes. U'niike the Web. wfiere h> perl inks become unreliable 
(ner time, content on tfie Netpage Net\sc)rk never expires. 



9.2.1 Flyers and Product Brochures 

The Netpage Network makes higti-qualit\ flyers and product brcK^hures instant I v avail- 
able, linked to advertisements and entries in printed catalogs. 

Iir(Kluires are al\sa>s up-to-daie. and link to e-commerce, e-mail, and automatic telephone 
ealkback, Brociuii'e hnks can [dioxide '■click-througfi"' tees to linking documents, and sub- 
sidized printing to users. 



9.2.2 Books 

Users can obtain ilie latest best-sellers ov rare "out-ot-print" (a stH>n-to-obsoleted term) 
editk>ns on demand. [Minted in column tormat with a text si/e chosen b\ tlie user. A t\pi- 
cal "i()()-page paperback Hts on as little as 40 siieets of better [viper. Slip-on covers are 
available for robust handling. 



Titles which have outlived their cop\ right period are available for tree. Other titles are 

hea\ il> disct>unted ioi Netf^age deliver), since pulMishers avtiid the ct>sts ot~ printitig. 
irnentotA storage, and de!i\er>. 

Colorful cfiildrcfks b^u1k^ reproduce iiiiniaeulateK . When the\"\e been U^vclI to death. 
tlie\ can be printed again, and again. 

("hiklren's coloring-in books are available lust when the\ "re needed on a raiin da\. 
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9.3 E-COMMERCE 

9.3.1 Online Purchases 

riio Nctf^agc Nct\^ork Mi[^ports a siiiitlar \c\c\ ot tmimo [Mircliasiiii: as ilic Wch. but in 
papor-hascd tncdiuni which prcsctils hkc a hiuli-qualii\ [MinicJ calaloLi. 



A user cati navigate the retailer's online Net[Xige catalog, printing catalog [^ages as the\ 're 
needed and adding items [o a virtual shopping troile\. I he contents ot tlie trolle\ can be 
listed at an\' time, and items can be struck from the list at tlie stroke ot'the pen. I'ressinu a 
"proceed to checkout" button at an} time elicits a completed order form just waititm tor 
the user's signature. The {payment card account number is secure In shown in the usual 
1234 56** **** *78^) format, ("he user's signature autliori/es ilie payment. 



9.3.2 Catalog Purchases 

Kather than buying from an online Netpage catalog, the user can select items from a tradi- 
tionally-printed catalog which contains active Netpage links. 

9.3.3 Statements and Invoices 

Statements and invoices can be securely and auditabK delivered, and can be automat ica IK 
niled in with the user's defauh payment details without tlie sender know ing those details. 



9.3.4 Secure Documents 

Retailers can securely issue tickets and coupons over the Netpage Network, printed with 

difficult-to- forge w atermarks. 



Agencies of \arious kilKi.^ can issue licenses [printed \Mlh \\ atermarks and tlie user's own 
photograph. 



An\ printed version of a Netpage document becomes an eas\ means tti printing anotlier 
perfect cop\. When a cop\ is made, the Netpage Network can automat ica IK transfer a 
micro-payment from ttie copier to the copyright holder. 

l ri\ ial cop> right tees are imiversall> res[^ected bu! sekkMU paid because of the mcotne- 
mence. I lie Net[^age Network offers m icro-pa\ meiit con\emeiKe and the e]uaiH\ t>! an 
original cop\ 



rhe user's signature can authorize the payment as normal. 



9.3.5 



Copyright Copying 



9.4 



Communication 



9.4.1 



Mall 



I he Netpage Network, once w ideK subscribed, can be used to deliver numerous instances 
t^f regu lar mai bouts. partK ularl\ statements and invoices as discussed abo\e. 
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9.4.2 Greeting Cards 



A iisci- can select a L:rcolinL: card Itoin an online catalog, add a liaiklNMattcn nicssaL-c. and 
vlispalcli It \ia tfic Nctpagc \ct\^oI■k. i'Aids can he addressed to otiier \etpa.-e UNets, and 
to normal postal addresses. In the latter case tlie card is prnited at ifie ser\ ice center closest 
in die recipient. aul(Mnaticall> [placed in an einciofic. and mailed tfirou-h the local post. 



9.4.3 Forms 



I orms ofall kmds can be printed on the Netpaue [•rinier, tilled iti In hand, and suhmiited 
direcll> over the Nctpage Netuxirk. Suhmtssum is seenre and caniun he repudiated. 

NanduritiiiLi is automat!call> recouni/ed h> the sNstem. The digital ink ofthe handwritino 
IS attached to the form in case a human clerk needs to re-interpret the handwritnm. Auto- 
niatic -liandwritinu bots" on the network can assist with the tecognition task, automati- 
cally giving the user semi-intel ligent feedback to elicit disambiguation, 

An> interaciivc Netpage "application", including e-commerce and e-mail, uses forms o( 
var ious kinds. 



9.4.4 E-Mail 



[.-mail tonus can be printed on demand and tilled in h> hand. I he handwritten address is 
convened to facilitate deliver>, hm the rest o( the fnessage is delivered as digital ink. just 
as the user intended. If the recipient is computer-based rather than Netpage-based, all of 
the handwriting can be automatically converted, with the digital ink sent as^an attachment, 
since it ma\ contain hand-draw n diagrams etc. 



9.4.5 Facsimile 



facsimile forms can be printed on demand and lllled m h\ hand_ I he handwritten tele- 
phone number is coiueiled to facilitate deli\er>, but the rest ol^the message is delivered as 
i^itmapped digital ink. Jusi as the u^er miended 



9.5 Web Browsing and Printing 



[ ^sers can browse the World Wide Web \ ta their Netpage Printer using paper and pen as 
t!ie user interface. Netpage forms can provide emulation of H 1 Ml ItM-ms. ( )nl\ dvnamic 
media objects ma> tail to print meaningful Iv. 

A Netpage Printer can be the ideal output device tor dtKHiments encountered while brows- 
ing the W''eb. vvliether the browsing is term itial-based or Netpage-based. An increasinu 
number of prmt-readv documents ate being published on the W eb. 

f ntire Web sites can be compactK tormatted tor print, since a printed page has a much 
greater mtormat ion-hearing capacitv than a computer sereen. and perused m a more lei- 
surcl> tashion. 



9.6 Corporate Intranets 



An orLMni/alion cafi use a [Vivatt iMtranel-l\ised NelpaL^e Network to implement a docu- 
ment re[^ositor\ and eflicientK distribute dt)cuments on demand 
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9.7 Government Services 

(iu\crninLMU can [^rcn idc access lo services \ la the Ncif^aiic Ncixvork. 1 lie iieiwoik can 
olmate tiie need lo \ isii go\ernnienl otilees lo obtain forms and submit forms, and die net- 
\sork can be used to etllcientix deliver llie results of siibm issions 

9.8 Photo Album 

A Netpage I'rinter can be enlianccd \s ith an intrarecj data connection (lr[)A) to allow it to 
accept images wireless I v from a digital camera. Squirted images can be automat ica II v 
archived on the Netpage Network, and individual photos, both regular and [x>stcr-si/ed. 
can be printed at photo qualilv on the printer. 

Smart layout sottwaiv can assist vvitii the interactive creatioti of pluMo album pages, readv 
for insertion in a cumulative family album. 



9.9 Computer Printing 

A Netnntip Print f^r r^in hp rliR \r\(^'A\ it nut i\^r > rA.^rc-,MTit f^/^^T-tir-Li it n ^^tl l t .^t i.^n 

whether directly-connecled or on a local-aiea network. The speed of the Netpage IVinter 
and the quality of its output make it attractive to existing computer users. 
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Business Models 



System Principles 

I he \ct|xrjc Ncluoik IcxcraiJCN ihc open icclinok\L'> and c\lcn.i\c in IraNtructuiv ol the 
Iiucificl. Ihc uidcspicad acceptance and growtli the Netpage Network is predicated on 
opeir ct>ni[Xiilion rathci ihan nuuiopol ist ic practices, 

lloue\er. to pr(n ide an incenii\e to earl> itucstcMs. seni i-e\L I jsiv c hccnscs to Mcin- 
jct-bascLl Netpagc Printer desiiins w ill he ottered, as well as hcen-es to nianutacture pafier 
and ink consuniaiTles. 




Figure 4. Open structure of Internet-based Netpage Network 

Ihc network supports an> number ot~ independent participants, some of wh icli lia\ccom- 
p[enientar\ roles, and sonie tM^shicli compete. 1 he open striicture o\' \Uc net\^o^k is illus- 
trated in l iLZure 1. C oiUeni - relatCLi [lart ic ipants include tiie tolUuMtiu; 

• ne\s s sources 

• fnihlishers 

• news aggregators 

• freelance artists. \M-jtci . cart(H)msts 

• direct mailers 

• ad\ en iscrs 

• ad\ertisnii: ai'ij rcLiatorv 

• hanks 

• merchants 
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Intrasir ucliiic-relatcJ pat1 icipdnts nicludc tlic tol low iiil'.: 

• sciA cr su[i[ilioi s 

• iK'twoik sioragc pi"o\ kIcis 

• coniinuiiicati(iiis carriLM's 

• hucnicl set \ ICC tdcrs (ISPs) 

• printer dealers (plus iiisUillalicMi and ser\ iciiiii) 

• ink and paper consumables dealers (plus deli\er\ ) 

Technolou\ -related participants include the tollouuiu: 

• research and development 

• chip makers (prinlheads, controllers. (^A) 

• printer manufacturers 

• ink and paper consumables manulaciurers 

Ihc strength of the network lies in the lact that publication and deliven are completeK 
decoupled, i his allows the deliven mtrastruciure to grow independent l\ o\ the participa- 
tion of publishers. 

1 0,2 Bootstrapping 

Because consumers are unlikely to be motivated to acquire a Nctpage F^rinter until a vari- 
ety of publications and services are available, and because publishers will wail lor an 
installed base before participating, the key to bootstrapping the network is to bundle the 
printer with a publication or service subscription, and possibly trimming profit margins in 
the growth stage. 

There are several wa\ s the manufacturing cost ot the Netpage I^rinter. assumcLl to he well 
beloxs Si 00. can be subsidized. Primer-based distribution can elniiinate existing distribu- 
tion costs, offsetting the printer cost. The [M'inter can prcn ide a new niechLmisni lor deliv- 
ering advertising, \\ ith advertising profits offsetting the printer cost. And the printer cost 
can be built into the subscription fee for a publication or ser\ice. 

d he cost of printing and delivering a newspaper nonnally exceeds the price of subscrip- 
tion [3 1,73]- The real profit lies in the advertising. 1 he cost of the Netpage Printer is easil\ 
exceeded by one years' cost savings, allowing a Netpage subscription, including a '^free" 
printer, to be priced h)\ver than a traditional siihscrifnion. A Netpage suhscrif^tion oltercd 
!o a customer ah"cad\ on the nelvsork would be prii^ci-l corrcsf^oiulingb lower sliil 

1 1 ihe publication oi ^ei \ ice dcli \ ered \ la the NctpaL'c Print ei in ->ii ! tic lenl 1\ hicrai i\ c. I hen 
the pul^hNliet or pr^n ider ina\ i^e able to suhsidi/e not onK the printer itselt. hut aNo it-^ 
running costs. I his can include Internet access, paper and ink consumables, and ser\ icni^v 
lJ)emographics-infoniied advertising may fall into this category. The more infonnation 
customers reveal about themselves, the greater the value of the advertising to the advertis- 
ers, and so the greater the level of subsidi/ation that can take place. 

I arK uuestoFs who snhsidi/e tfie installation of NetfxiL'c Printers tna\ he able to rcc^wcf 
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Siinikii af^proaciic> aiv alivaJx cnicr-iiiL'. in the L'cncral liucnict market, in \\w ' l ■ 
and related niodeK |4w|. personal eoniputers are Inindled u itli internet aecess. and tfie 
^^llole paekai:e is t^dlN or parttall> Mif^Mdi/ed b\ advertisin- and e-.ommetve 

^.^^'^^ ^ontent^-ekited partieipanls in tlie Netpa-e Neluork, and even Internet service 
vtders. ean Ixaictit troin dirceti> iiuesdn- in Netpa-e Printer depUn nieni 

10.3 Maturity 

Man> of tiic bundlino approaciies are likeK to retnain appheahle onee the network 
beeonies uidei> suhscnhed. it is possible ttiat the bundiinu ot the applianee (le the 
Nctpage i>nntcr) wuh the service (be it internet access or a publieaiion subscription) uill 
remain the dominant means ohdistributing the appliance, as it is in the cellular teicphone 
market, and as an increasing number of compan les. including iBM (I9|, are be-inninL' to 
believe It should be in tiie pcrsonai computer market 

10.3.1 News Publishers and News Aggregators 

News publishers with strong brands arc likely to be able ieveraLie those brands on the 
Netpage Network. I hey have an incentive to do so quick!) to prevent newcomers from 
hliing the vacuum and capturing the attendant advertising revenue. 

News publishers also have an mcentive to migrate to the Nctpauc Network because it 
allows iliem to offer the more Unc-grained targeting that advertisers arc incrcasin<dv 
demanding, and which they are incicasingly seeking eisewhetx. 

News publishers who create content rather than simply aggregating other sources have a 
signiticani advantage, since they ofler both unique content and an editorial voice Users 
are more likely to choose a single news publication whose content and editorial orienta- 
tion thev tlnd useful, than specifxing to a new s aggregator hov^ to Lilue touether a number 
ot disparate news sources. And anv sufflcicntK stron^ neus pubtieatUMi brand is unMkelv 
lo make it. content available to an aggregator, sinee the aggregator uHl be takiiiL: a pro'- 
portion ot advenising and e-commerce revenue 

I he Nelpagc Network, hke the Web. ofters lo^^er barriers to eniiA than traditional publisli- 
media, and this natui^ailv stimulates greater diveisitv. Houever. die -couraphie inde- 
pendence ot the network, coupled u ith bmlt-in mechanisms tor^ocali/ation ot 
publications, allows international, national and regional neus publications to more easiiv 
compete in local news markets. 

Hie strength of a traditional local news publication lies panK m its local news content and 
parttv in it. local retail advertising and ciassitied advertising eontent. A-m-euation of clas- 
Mtied advcrtismg is alreadv liappemnL: on the Web. and the Netpa-e \Jtuork will make 
the same tiling possible for local retail advertising, local nevss publications are therefore 
likelv to be excluded from the direct capture ot local adverlismg. and niav instead trans^ 
lorin themselves into news gatherers feeding localized editions of larger publications. 

10.3.2 Advertising Aggregators 

ev er con 



I he Netpage Network promises to be the most eftective advertisuu' medium 
.cived. It combines the editorial anel print qualitv ol traditional piiblKatioiis with arbi 
trardv tinelv tarueted advertising:, and [>rov ides a direct link between advertisniLV produ. 
mlormation. and [purchasing. 
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hccaiisc pc[>oiiali/aiion and locali/alioii arc luitullcd automatical 1\ h\ Nct[\tLio Pul^lica- 
iKMi Sctvci's. ail ad\ crttsinL: augtvuator can pii>\idc arbiiranis hfoad ct>\crai:c o\ hotli 
Licomaplix and dcniom"a[^li ics. \hc Mibsccjiicnl disagLifCLiation is ctllcicni because it is 
aut(^niat ic . 

I his makes il mt)rc cost-ctlccti\ c ten" publislicrs to deal \Mtli ad\ ertisitiu auLiieLiators than 
to directix capture ads ertisiiiii. [ a en tlu>UL!h the ailv ertising a^uieeator is takinu a propor- 
tion of advertising revenue, publishers nui> tuid the clianue [^rot it-neutial [because of the 
greater elllciencN t)r aggregation. 

Ikxaiise ot the finer targeting supported In tlie Netpage Network, publisiiers and adv ertis- 
ing aggregators have a lai^gcr advertising space to sell, leading to greater prollts. I lie hnk- 
ing bet\\ een adveitising, detaileci product mlormation. and purchasing, and the 
corresponding nieasurabihty of consmner behavior, leads to greater profits from 
click-through tbes and e-comnierce commissions, benefiting publishei-s and advertising 
aggregators alike. 

Added revenue froni tiiese fees and commissions ma> even allow users' costs - printer, 
ink. paper, and Internet access - to be fulK sut^sidi/ed. 
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11 Printer Product Design 

Nctpagc I'rinlcrs arc intended tor use in doniestic. coiiimercial. ct>riM>rale and hospital il\ 
en\ ironinents. Iliex are all based on a straiglit paper [Xilh. passitm tlirougli a Mem jet trans- 
fer roller pri tit head inechanism. Iti inost eases the printed page is glued ak>im one edge and 
adiiered to the previous [Xige to tonn a llnal hound document that can be 1 page oi 500 
f^ages tliick. rhe\ all interact with the wireless Netpage Pen. 

Netpage l^r inters are primaril\ intended tbr Luiobtrusive wall-mounling. riie\ also come in 
tabletop and ptnlable versions. 

11.1 Wallprinter 

A low-cost, wall-mounted, base model w ith a duplex 8' :" Mem jet printhead arra\ tliat 
accepts a full ream of US Letter paper in a vertical format as show n in I-igures 5. 7 and 8. 
i'aper is placed into a hinged top tray down onto a sprung platen and registered under edge 
guides before being closed, f igure 6 shows the access to the paper and ink cartridge. 

A replaceable cartridge containing cyan, magenta, yellow, and infViired inks and glue is 
also accessible when the tray is open. It connects via a series of sell-sealing connectors to 
hoses that transmit ink and glue to their separate locations. 1 he cartridge consists of a thin 
wall drawn aluminum casing that accommodates four ink bladders and a single glue blad- 
der into an injection molded connector base. I his is a fully recyclable product with a 
capacity for printing and gluing 3000 pages ( 1 500 sheets). It is protected from forgeries b\ 
use of an authentication chip. 

When closed, a release mechanism allows the platen to push the paper against the pick-up 
roller assembly, where it is fed directly into the duplex printhead assembly. From there, 
the sheet passes a momentar\ action glue wheel w ith powered spike \s heels, w here it has 
glue applied to the vertical edge as it passes througfi. 1 he glue wheel is capped when not 
m use and is operated b\ a powered camshaft. 

1 he printed sheet is ted down to a binding platen that operates w ith a closed steel w ire 
loop s\stcm (M^pulle\ s, runners and a pcn\ered axle, fhis pro\ ides the necessarx speed lo 
push the sheet forward onto the rear of a pre\icHis sheet, glue hind it and return to the 
home position lo accept tlie next printed sheet in less than 2 seconds. A motori/ed pa[X't 
tapper assembly aligns the sheets in a simultaneous operation. 

W hen a document is bound and tinished. a powered exit liatch \s ith ;i tamper sensor t)pcns 
Plastic toils \sork together \^ ith the hatch to direct the finished document to the hack of the 
collectK)!! tra\ and teed an> funher documents into the lra> \Mthout hitting existing ones 
1 he collection tra\ is molded in clear p(^l> cai-honate and [^ulls o! its socket undei ;i cci 
tain K>adinL' Access tor icnuu ing documents is pro\ ided on three sides 

1 lie printer has a main PCB that accommodates ail major circuitry coinponents including 
external data jacks. A flex PCB runs from the main PCB to the paper tray and has three 
difterent color 1.1, [)s and a push button. I he U I)s indicate "t)if \ ^1nk oul^\ '^paper out", 
and ''error'" I he push button is a 'lielp'" ititerface that prints out a simple instruction sheet 
and a conif^act teatures dnector\ for the user 1 he unit is p(u\erod b\ an internal IMA' 
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Figure 5. Wallprinter 
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Figure 6. Wallprinter paper and i^k cartridge access 

The printer has scvcr<il metal hangers on :ie rear, whieh locale into ke\hole --IcUs in a 
metal back plate that is securely fastened t ■ a wail. When the printer has been cnnected. 
it is hung onio the back plate and fixed wii. a locking screw found under the pa; er tray. 

The Netpage Printers are fully customi/al c in fmishes and cok^r as the from luoldings 
clip on lo a core chassis and are easily ren^ a able. 
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Figure 7. Wallprinter front elevation 
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11.2 Wallprinter Pro 

1 his printer is similar to Wallprintcr in most rcspoct>, except tfiat it lui.s a duplex 1 1 " print- 
head assenihi), which prints on l;S l etter paper in a landscape lorniat (see l igures 9. 1() 
and I 1 ). rhis means a Iksler print time and binding time for each paue. makinii for taster 
overall document deli\'er\'. 

Another difference is the location of the ink cartridge, which resides above the paper tray 
rather than down the side. Each page is glued along the horizontal edge by a full-length 
glue sponge, which is capped w^hen not in use. Operation, printing, and document han- 
dling are identical to Wallprintcr. 

Wallprintcr Pro is fully customizable in fmishes and color. 




Figure 9. Wallprinter Pro 
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Figure 11 Wallprinter Pro side elevation 
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11.3 Tableprinter Pro 

lliis pniuer is a labklDp xci^mmi »•! itic Wallpnmcr Pro I ssciuiallx. it is llic same [>iinlci 
unit \s ith a base plinili tliat aJJ- cmu UirKtU'tialnv. miJi as I ISR parallel pt>rt aiui li power 
NO*, ket ( see I' igure 1 ."^ ) 

Lihleprinter Pro is 1ull> Lusli»ni i/al^le in Iiiiishc^ aik\ k.o\ov. 
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11.4 Wallprinter Pro R 

I his printer shares the same printing and binding ctnitlguration nt~ I 'S l,ctler landscape 
fornuit as Wallprinter Pro. I he main diflerenee is tlie media dchverw which is in the form 
ofa hirgc print roll cartridge {see higures 13, 14 and 15). Ihis cartridge accommodates (\ 
M, Y, and infrared inks and glue as well as a 1000 sheet capacity roll of paper. The car- 
tridge can be recharged at nominated outlets when required and it is protected from forger- 
ies by an authentication chip. 

The printer has integral structural metalwork to support its weight and a ball bearing track 
for easy loading and removal. 



Wallprinter Pro R is fully customizable in finishes and color. 




Figure 13. Wallprinter Pro R, with print roll extracted 



2 3 May 1999 



58 



'.uc'i Netpage System Desigfi Description preiinimary vO 




Silverbrook Research 



Netpage System Design Descnptictn 



preliminary vO 1 



f Vifil rY)|! 



[nk 



Cover 
mo\d\nq 

(cWp-on) 



L o\\e< : um 




P'bit^n motor 
& J rum 



Figure 15. Wallprinter Pro R side elevation 
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Tableprinter Pro R 

I his pi ink'i is .1 laf^kiofi \ ci mdii oI I he VV.illpi mici i*rc> K. l-sscnnall\. it ;^ i!k- >aino [^niucr 
iirni \\ ilh a base plimfi ihat aJJs c\lra I uiK t loiial il v .ikIi as I 'SB. paralk l and a [^(n\cr 



lal>k'pMnici l'ti> l\ Is Iull\ L iisioiii i/abk' in t'liiislics ,iiui (.olor. 



Netpage Systerii :)esigr, C--- -if' 



Travelprinter 

^"^'^ ' It tias in-huilt mobile iicIxmm^, . mdiimimi, .n i. ui n.iijw,,!,- ,i,,,t .o1i\\.ik' 

all(^\MnL: n i.. doutiload docunicnis an>uli..-u- i i av . a ifji. : .1' - Im «. . an n ,,,n k ,ii .iis 
[hWn lof c. Mnpiitcr inicrlaLC f^rimin^ when t>-.|uij<.;| 



ihc prifuci ...ii.ists ot a liont and rear iiioldin- uith a chassis lo acL oinniodatc the niaior 

componcni-- inJudiiii: a iilhmin f\atcr> and an N diipl.v \lrn,M pnnihcad av.cinl>l\ 

A coinpau pr ir)t roll cartndiic u ilh C. M > ,,,id intr, u.-d ink - .md iMfvr 1. i,s,.d ir) ihc 
printer providnig S() l ;s l.cUcr pages or 1()(» \> pa-cs li 1. ptoicUed tioni hwgerics hv .,,1 
aut[)cniiLa(uin chip. 

A niotori/ed -uillotinc asscnibl> cuts the media helueen the .ariridge and the printhead 
and tnotcMi/ed spike wheels eject the linished print out ot iIr- unit A ile\ P(. U runs Ironi 
the mam l^oaid to a segment \ J and two pusfi huttons I Ik- 1 ( [ > sfiovvs moiuiI sirenuth. 
any errors. haticr>' and number of pages left in ttie cartridge I he butnnis alUn\ the pririler 
to Cither connect to the Netpage Network or to act as a stand-alone printer A I ^SH inter- 
face IS provided on the side of the printer along witfi IX U input 




Figure 17. Travelprinter, with print roll extracted 
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11.7 Netpage Pen 



I lie Nci[^a-c IVmi is an in tcl I i-eiii :ntcractuc ^^Mllfl:.■ inifikMiicni tluii eoiim miii u ju-. u r 
Ncipai^'c Primer an,! \K- \cip..-c Ncluo.k Ii allou the user urite n(M-nialK vm' 
an nik nil^ or use a ih >n - nt.u k ni- : .iv iijs. RotainiL- the inj. oiihe pen sele.Is lH1^^een ilieni 

I he pen lias a aisliiKiuc -hape lii.ii i- ht>lh ei .n. .m .^n i funeiional. \Mifi r;ia;'iii- o 
<uu! eieetroiiies fioiiseJ in the 'iiii 1 -eM\ ' (see I inures 19. 20 and 2 1 ). 





Figure 19. Net, owi. ill s 



The pen eoiisish ^.i ,i m^ial n , ,x 

lt)uec] [n a tinted (l)Iliisci 1 li ; i .e- . ., anr .md ( 

die liisi is loealed i>n (op ot th -ev.;,,, -oun.: :iMhl\ hisalii-e^ 'Mil) 

responds in diree modes uhen , m use: period Il^ishln- L'reen \^hc ii is oi 



* -I i ' : ^ : : 1 id ^'.e rep 
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lo the printer, nionientar\ green wtien an i>peration succeeds, niomentapv red ^^hen an 
errt)r occurs, \ el low when it passes over an active area on the page. A separate lens is 
mounted into the dilTuser, which is optically de-coupled. Hie lens sits under a second 
Id^I) that emits inlVared light onto the page. I he illuminated image is auto- focused onto a 
controller chip with cin on-hK:>ard image sensor via dedicated optics, i he optics chassis 
accommodates a PCB with various components, including an induction coi! for recharging 
and a MEMS chip, l^his chip also includes an optical sensor for detecting pressure move- 
ment in the metal cam turning when either the stylus or the ink cartridge is used for writ- 
ing. The cam turning is connected to a terminal collar that has the contact strips for a 
rechargeable battery. Ihis assembly is fitted into the p>en top and connected via two flying 
leads to the PCB for power transmission. The top assembly is pushed into the body mold- 
ing where it is free to rotate. By turning the top through 90-degree steps the pen has the 
stylus out, the pen out or both retracted. The pen has a standard length of 154mm and 
diameter of 1 1mm. 




Figure 20. Netpage Pen, exploded 
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Figure 21, Netpage Pen 
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11.8 Pen Charging Cup 

riic pen charuiriLZ cii[^ l^ a miii[iIc do\ ice lhai siinu lunicou ^l^ rccliai'iics aii> lUiiiilxM- of 
Nclpa;:c Pens thai arc [placed tn it l ieiiic ^-2 ^lunvs the unit coniponcMits \shich arc an 
inner nioklini:. hase niokhnu. an indnetion eoiL a term inatitiii l^loek. a l.lvl), a ditVuscr 
inolLlmLi and an exit v\ irc to a }\' IX ' [>o\\ei MippK, I lie inner molding aeet>mnu)dates tin: 
iiukietion coil, whteli is held eapti\e \vhen the unit is a- .^enihled. I he eoil passes thrc>UL!h a 
termiiuUtt>n hiock, wliere a ll\inu 1 I I) is also attached. The I I.I) is positiotied at the lop 
of the unit under a difVusci. so il act^ as a heacon to indKate thai it is active. The charLiinu 
cup IS 7()nini in diameter b\ *^Mnni hiuh. 





Figure 22. Netpage Pen charging cup 
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Memjet-Based Printing 



A Mon.jct pnntlicad produces IWH) dp, h^icvd ( \n K On lou -di I lusion paper each 
elected drop lornis an ain.osi pcrlecllN cireiilar :.\^um dianieier dPl Dois are ea.Hv pro- 
duced in isolation, allouinsi d ispersed-dol dilhenn^ to he exploited n. its luilest Smee the 
Memiet prmthead is the u idth of the paue and operates u,th a constant paper n el.-citv the 
lour color pla.ie.s are printed m pcrlect registration, allowini; ideal doi-on-dot printin" 
Since thcfc IS consequenllv no spatial interaction holueen color planes the same dither 
matrix is used lor each color plane, l)ot-on-dot printing niminn/es nuiddMn..- o| mid- 
tones caused b> Inter-color bleed. ' " 

A page layout ma> contain a niixtuie of images, graphics and text. ( onlinuous-tone (con- 
tof.e) images and graphics aiv fepr,)dticed tising a stochastic dispcrsed-dot ditlter I nlike a 
clustcred-dot (or amplitude-modulated) dither, a J,spcr.scd-cl<„ (or trequetKA -modulated) 
dithcr reproduces high spatial trequencies (,.e. image detail) tilmost to the limits ol the dot 
reso ution. while simultaneottsix reproducing lower spatial frequencies to their full color 
clcpth. when spatially tntegrated by the eye. A s,<,chasi,c dither matrix is carefulK 
designed to be Iree of objeetionable kns -Irequcney patterns when tiled across the ima-J 
As stich Its size txpicallx exceeds the minnnum si/e reqtnred to support a particular num- 
ber ol intensity levels (e.g. I 6x 1 6xS bits for 2.'^7 intensity levels). 

ihiman contrast sensitivity peaks at a .spatial trequencv of about 1 evcles per de-uee of 
v isual field and then falls off logarithmicallv. decreasing hs a factor of 100 bes ond about 
40 cycles per degree and becoming immeasurable bevond 60 cvcles per de<'ree At a nor- 
mal viewing distance of 12 inches (about :,O0nim). this translates rouuhK to ^,00 
CNcles per inch (cpi) on the printed page, or 4()()-6()() samples per inch accoidino to 
N>c|iiist s theorem. " 

In practice, conlone resolution aUne ah(uit .^00 ppi is ol Inniied iiiilitx outside special 
applications such as medical imaging. Offset pnntinu ol maiza/incs, lOr example tises 
eontone resolutions ,n the range l.M) to ?M) ppi. ||,oher resolutions conlnbule sliduK lo 
color erroi through the dither, 

I?lack text and graphics are reproduced directK usin:, bi-level f4,iek doN and ,ire theielore 
not antiahased li.e, low -pass niteted. before being printed, lexl is therefore .urcrsampU-J 
be>ond the peicepttial limits discussed above, to produce smoother edL^es u hen spatialK 
integrated by the e>e, lext resolution up to about 1200 dpi continues to contribute to per- 
ceived text sharpness (assuming low-diffusion paper, of eotirse) 

I he Neipage Printer uses a conlone resolution of .^,20 ppi ti e. l(.l)0: .s), and a black text 
ami graphics resoltition of 1600 dpi 
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13 Document Data Flow 



iiccau^c (it the h\i{h icso\u{\on o\' \\w NlLMiijct pnntiicaJ. each \rdiic iniisi ho printed at a 
constant speed to avoid creating xisiliie artifacts. I his means tluit the [MantitiLi speed can't 
he xariCLl lo match tlie input data rate. Docimienl rasterization and document printum arc 
therefore decoupled to ensure tlie printiiead ha^ a constant su[^pl\ of data. A paLze is never 
printed Luitii it is lull\ rasteri/ed. fliis is aclneved b\ stonni! a compressed \ ersion of eacfi 
f-asteri/ed [xige image in menioiA. 



fliis decoupling also allows tfie Rll' to tun ahead of the printer when rasteri/iiiu simple 
pages. hu\ ing time to rasteri/e more complex pages. 

Because contone color images are reproduced by stochastic dithering, but black text and 
line graphics are reproduced direcllv using dots, the compressed page image format eon- 
tams a separate foreground bi-level black layer and background contone color tayer. The 
black layer is composited over the contone layer after the contone laver is ditliered. 

I- igure 23 shows the llow of a Netpage IVinter document from network to printed paue. 



receive memory^^ rastenze 

document buffer page description 



page layouts 
and objects 



compress memoryj 
page image buffer 



compressed two-layer 

page images 




Figure 23. Netpage Printer document data flow 

f^pi- a I etter [xil'c ot contone i \ data has .i m/c ot :'7\1IV \ \mg !(iss\ conttnie 
^ onipt essioii alLiorithms ^nch .in .MM ( i. contone iniaLieN coinpiess \\ith a ratio up t(^ Mij 
u illu)ia IK)- leeal^le loss ol qaaiilv. i^i\ mi! a compiesscLl paiie si/e ot 2.7.\1M, 

At U)()0 dpi, a Letter page of bi-level data has a size of 29MB. Coherent data such as text 
compresses very well. Using lossless bi-lcvel compression algorithms such as Group 4 

l acsimile, ten-ptmit text coni[^resses \s ith a latio of about 20: I . gi\ ing a compressed paue 
si/e of 1 .4Mh. 
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I Ik- l^^o-la\cl co^l[Mc^^cd fxiL-c iniaLic ronnal llicrcit>rc c\[ik)Us the tekiti\c slrciiLitlis o 
loss\ JIM ti Lonionc inKi;jL' Lt>nip[\'ssK>n aru! Uisslcss bi-lc\cl text cc^ii [M'cssuxi . I he tor 
mat K cinnpaLl cnouLili to be stofai'^c-ortlcicnt. and Mnipic cnoui'li to .iWow slraiLiht Ioia^ at\ 
rcai-iiinc cxf^anMon dunnL: printiiiij. 

Since text and lIlKlL:c^ noriiiail\ don 'i oscrlap. tlie normal v\ t>rst-casc pauc iniaL:c si/o h 
7\1M (i.c imaL:c-onl\ ). \\h\\c tlio normal hcst-casc pauo iniauc si/e is 1.4\1}^ (i.c 
tc\t-onl\j. I he al:)solLiic worst-case page image st/e is 4.1 MB (i.e. text over iiiiaue) 
Assuming a quartet tif an a\erage [Xige contains images, the average [^aue miaue si/e 
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14 Printer Controller 
Architecture 

i Uc Net page Pniucr controller (.onsisls of a control I ini' processor, a tactor\ -selected iiei 
work intcrtace. a raciio transcei\er, dual raster iinaue [Moeessor (KIP) DSIN, diii^lexed 
print engnies. tlasli menior\; and 64MI^ of DRAM as Hltistrated ifi l imne 24. 
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Figure 24. Basic printer controller architecture 

I he cotiltolling [M-ocessor handles comnuinication \s tth the Internet and w ith local ire- 
less pens, controls the user interlace (buttons and [d :i)s), controls the paper transport, han- 
dles ink cartridge atithentication and ink nionilornm. and feecJs and svnclironi/es the RIP 
DSPs and engines. It consists of a nievliuin -[^'rlormance Lietieral-pitrpose niicropro- 

cessoi". 



I he KIP l)SPs rasteri/e and coni[M-ess pjL^e de^cri[Mions to the Netf^age Pr-inter"s C(M1i- 
[iressed fxtiie tonnat. f ach [vinl engitie e\|\lnd^. ditfiers and prints pa^e images to [!^ ass(v 
ciated Meiniel printhead m real tune'. I hc du[-)le\ed prmt engines prmt both sides t)r the 
page simultaneously. 

The printer control ler\ Hash nieinor\ holds the >ortwate lor both the processor and the 
DSPs, as vsell as configuration data, Tfiis i , cn[-)ied to main ineinorx at boot time 



-JO! page System ijesiy [jescrsol o 



prelifiiinary v' 



1 lie pfoeessDr. DSIN, print crii'incs and diL!ital tianseeiv cr conifionents are mleuraicd in a 
wuiilc ASK I he MI MS aiu] anaiov. Kl etmi [it>nents ar'e inleLM-ateJ in a separate Ml- MS 
eliip, \sliieii IS also n^ed ni (he wireless pen Addinoiial [KMi-sfieett ic com ponents in (he 
MI NIS ehif^ are not used in tlie [Mtnter eonirolier The Internet net\^ork intertaee module 
se[xiraie. since Nelpa^^e Printers allou the nel\^t>rk edimeetion (o he lactoiA -se leeled 
I lash nienior> and ttie 2 ■ Mbit (fvlMH) DRAM is also otr-ehi[\ 

\arious Internet neluork interlace niodules can be supported. Possibilities include a I S 
nuHlem. a [!\brid l-iber^C/oax (Hl (') cable niodeni. cin ISDN inodeiiK a DSL tnodein. a 
satellite transceiver, a current or tiexi -generation cellular teleplione trarrscei vcr, a wireless 
local loop (Wl 1) transceiver, etc. A Internet connection nia\ ahead} be available on the 
local netut>rk. in which case oni> a local network contiection may be required. 

I he printer controller optional!) includes a local network connection, to allow the printer 
to be used trom a direct l> -connected workstation or over a local-area netw ork. Possibili- 
ties include lOBase- I and lOOBase- l bahernet. b:Si^ and l/SM 2.0, lid i: 1394 ([-irewire). 
and varioLis emerging home iKnworking standaixls. 

I he radio transceiver communicates m the unlicensed 9()()M[1/ band nomiallv used b\ 
cordless telephones, and uses lrequenc\ hopping and collision cietection to provide inter- 
ference- tree communication. 



14.1 Detailed Document Data Flow 

I he main processor receives and \ en lies the document's page laNouis an(i paize objects b\ 
Internet f^ointcast and tiuillicast as LlescnbcLl m earlier sections. It then runs the approf^-i- 
ate KIP software on the DSPs. 

The DSPs rasterize each page description and compress the rasterized page image. The 

mam [processor stcM^Cs each conif^ressed page image m menuMA. The simplest w a\ to 
load-balance multiple DSPs is to let eaeh DSP rasteri/c a separate page. Ihe DSI\s can 
alwa\s be ke[M bus> since an arbitrar> number of rasteri/ed [^ages ean. in general, be 
stored m memor> I his stiateg\ can lead to poor DSP utilization, however, when rasleriz- 
ing slu>rt documents. 

Watermark regions m ifie page deseripium are rasten/ed to a contone-resolution bi-level 
bitmap which is losslcsslv eomprcsscd to negligible si/e and which lornis part of the com- 
fMe'ssed page image. 

Ihe infrared (IK) laver of the printed page contains encoded position tags at a densit\ of' 
about 25 per inch. I^ach tag encodes the page id. tag position, and control bits. Active 
areas and [^ressure-sensitiv e areas in the [lage description are rasteri/ed to lag-resolution 
bi-level (bitmaps w hich do not require conifMcssion and which form part of the compressed 
page image. 

I he mam processor passes back-to-back page images to the duplexed print engines. Lach 
print engine stores the compressed page image into its local memorv'. and starts the page 
expansion and printing pi[X'lme. Page expatision and printing is pipelined because it is 
impractical to store a 1 14MI^ bi-level ( MY - IR page image in memor\. 

I he first stage of the [iipelme e\[iaruis the J PI C i-compressed contone ( AH' lav er. expands 
the(jrou[T 4 l ax-compressed bi-!evel watermark map. atid expands the (-roup 4 l ax-com- 
pressed bi-level black la>er. all in parallel. Ihe second stage dithers the contone i \]\ 
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la\cr iisinii the ditlici inalnx selected by the ualennark map. aiul composites the bi-le\ei 
hiack la\er o\er the resnUniLi bi-le\el ("M>' kiNcr. Smce there is no hlaek mk usclI m the 
Netpaue Prmter, the bkick knee is composited witii each o\' i \ M and In parallel with 
this, the taLi encoder iienerates and encodes the bi-le\el IK ta- data. I he last staue prints 
the bi-le\ei ( M^' • IK data thrtuiLih the Memjet printhead Ma the prinihead mtertace. 

14.2 Print Engine Architecture 

I he print engine's [lage expansion and [printing pifxdinc ctmsisis ol a standard JPkCi 
decoder, a standard droup 4 l ax decoder, a custom ditheivr compositor unit, a custom 
position tag encoder, and a custom interface to the Memjet printhead. 1 hese are described 
in detail in design documents. 

When several print engines are used in unison, such as in a duplexed conllguration. the> 
are synchronized via a shared line sync signal. ()nl> one print engine, selected via the 
external master slave pin, generates the line sync signal onto the shared line. 

in the versions of the Netpage Printer, each print engine prints 60 Letter pages per 
minute along the long dimension of the page (1 T'). giving a line rate of t7.6KH/. at 16{)0 
dpi. In the 1 Pro versions of the Netpage Printer, eacti print engine prints 90 Letter pages 
per minute along the short dimension of the page {S'j^"). giving a line rate ol 20.4KI1/. 
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1 liL'sc line rates circ wcW \sitfiin the o[>ei atiii'.' tt\\)iieiie\ ot the Mcinjet pnnthead. \Oiieli iii 
I lie e net en I JeM;.'ii ev^eeJs '^OKll/ 
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Figure 25. Print engine architecture 
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1 5 Pen Controller Architecture 

I he Nctpagc i*cn ctMitrollcr ctmsists t>t' a contfoliitiL: proccssot". a fadto transceiver, a nil 
sensor, a iiih pressure sensor, a IK irnaue sensor. Hash niemor\. and 5 ot" DKAM, as 

lUuslralecl in l iLiurc 26. 
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Figure 26. Pen controller architecture 

The controlling processor captures and decodes IR position tags from the page via the 

image sensor, monitors the tilt and pressure sensors, eontrols the autofbeus voiee-coih 
eontrols tfie user interlace (tricolor Ll'D), and handles wu'eless communication with the 
k)cal Nelpage Primer. Ii consists of a niedium-[KMlormance ( 25 Mil/ RISC) general-f^ur- 
po s e m i c rop ro c e s s o r. 



Two-axis tilt sensing is provided by a two-axis acceteronTCtcr. Nib pressure sensing is pro- 
vided by an IR emitter and photodiode ]\u\ in conjunction \\ itli a reflector coupled \sith 
the sprung nib. 



The processor, digital transceiver components, 96x96 image sensor, flash memorv and 
512KB 1)R-\M are integrated in a single AS1(\ 1 he Ml MS and analog Rl- components, 
acceleronieters., and tiie IR emitter photodiode are uitegrated in a single MIMS ctiip. also 
used in the NelpaLic Primer. 

The radio transceiver ctMnnuinicatcs m the iitdicensed ^H)UM1|/ hand luwiiudK used b\ 
cordless teiephoiK's. and uses tre(.]iicnc\ hopj^iui.' and t.olli-^ioii deteclioii lo provide inici 
terence- free comm un icalion. 
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16 Position Tag Data Format 

I he cnlirc page is tiled \sitii pt>siti(>ii tags, l aeii [X)sttu>n tag must he iiulef^en Jeiit, to alloNs 
toi siiigle-[M>int \ irtLiai hutton and [ixpeilink presses, and so eoiitains botfi tlie local 
position and the global page id. In addition pafticiilar flags are associated uitli each ta^^. 
such as w hcther tlie [umi should Uii-n on its I ight \s hile o\ er the tag. 

I lie tag data (page id. a local X-Y position, and a number of tlags) is error-correctabK 
encoded as a squat^e binary matrix which is printed as an arra\ ot bi- level niacrodots. p:ach 
niacrodt)t itself consists oTa square ot one or more dots to ease image processing. 

I lie position encoding supports a particular page si/e. Where the physical page si/e 
exceeds this virtual page si/e, the physical page is simply tiled with multiple virtual pages, 
each w ith a dilTcrent page id. iMgure 27 illustrates the concept of a page tiled w itfi position 
tags. The contents of each tag are not sliown on this illustration. 




Single Tag 



Figure 27. A Page contains a tiling of position tags 

riie tags are [Man ted in an mlrared absorptive ink that can be read b\ the pen device. Since 
black ink is IR absorptive, limited lunctionality can be provided on otTset- printed pages 
using black ink oti otherw ise blank areas of tlie page - for example to encode buttoiis. 
AlternativeK an invisible infrared ink can be used to print tfie position tags over the to[^ ot 
a regular page. However, if invisible IK ink is used, care nuist be taken to ensure that an\ 
other printed inlbrmation on llie page is prmled in iniYdvcd-iran.sparcnl CMY ink, for 
black ink will obscure the infrared tags. The monochromatic scheme was chosen to maxi- 
mize tKnamic I'ange in blurr\ readinL! en\ ironments. 

Smif'ile \ irtual button presses don 'l s[X'C i fiea! 1\ l equ ire iiu isil^le ink. Buttons ctui Id be \ is- 
ibl\ coded since tlie real estate is available. I Iv perl inks require invisible ink. but don't 
rec]u ire anv thing else tancv 

Ocrimng the follow ing encoding parameters: 

Table 4. Encoding parameters 

parameter definition typical value 



Table 4. Encoding parameters 



parameter 

b 



definition 



registration border widtti (macrodots) 
data redundancy factor 
coordinate precision (bits) 
page id precision (bits) 



tag width (macrodots) 
tags per page^ 



position resolution (points) 
a per dimension 
llic lau \s idiii IS ui\ cn h\ : 



.V ^ h \ J7{2ni ^ ) 



(1) 



typical value 



2 

1 5 



(liven a particular tag width, the number ol tags per page in eacfi dimension is given b\ : 
riiis m turn \ickls the rec]uired coordinate precision: 



/// = lot: .// 



If I 0 billion people all generate 100,000 pages per annum for 1000 years, thev will gener- 
ate M)'^ [xige^, or approxuiialel) 2^'" pages. A [xige id precision o^^^ hits should thercttnc 
be sutlK'ient. notw ithstaiuhnLi issues ot'efllcient cotitiguous pa^-c id alk>catuin 

Assuming a page id precision of 64 bits, and either parameters as given in fable f the 
equations ccMuerge on a tag si/e of 17 macrodots. 2<S2^ tags per [xtge dimensioti. and a 
coordinate preciMon ot'^^ bits. We round up to 10 bits for tuture-fTrootlng. 

(ji\en a [')articular lag w idtli. the [")osituMi resolution is gi\cn b\:. 



and, /// points , is gi\en b\ : 



I his \ lelds a [Position rcst>lut kmi of ^ [Hutits ( 1 OS mm at UiO( i dpi ). 

Maga/ine-qualii\ f:irinted text normallv has a si/e ot 10 points, forms lilted m b\ hand 
normal 1\ al lo\s lor hand\\ ritten text \s itfi a si/e ot~ about 21) points. .A [Position i csolutitMi ot 
> [Joints theretotc translates to a c haracter-oriented resolution o\ v 1 lor [Trinted text and 
b.b: 1 tor handwruing recognition. I his [Position resolution can be mcreasctl lo the 200 
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[cquircc! tor IuiikIns riuii;_: recognition In lakiMLi into account tlic [H^sition ot the taL: \Mthm 
the captuicd nnaLie area, 

V\'itli a position lau si/e o\ 17 macroclots. and 4 I 600 d\M dots per nuicftidot. the t'a\s [^osi- 
tioti tag gives 24 positions per incli. (/onsequentK an\ positioning sclieme must acliievc 
10 ttnies better resolution based on tag position vs itiiin the sensed image, tilt etc 

16.1 Position Tag Structure 

luieh position tag encodes the follow ing in form at ion: 



Table 5. Data Encoded in a Position Tag 



Name 


#BitS 


Description 


Pageld 


64 


Defines the Netpage page instance id 


X 


10 


Defines the X coordinate within the given Pageld 


V 


10 


Defines the Y coordinate within the given Pageld 


LightEnable 


1 


Defines whether the pen should turn its light on while over 
the tag 


ContinuousPressure 


1 


Determines whether the pen should return continuous 
pressure or not while over the tag 

0 = don't return pressure readings. 

1 = return pressure readings 


Reserved 


4 


For future use Store as 0 for this version 


TOTAL 


90 





f:ach position tag is a 17x17 array of macrodots. with each macrodot being a 4x4 square 
of 1600dpi dots, as shown Figure 28. 




1 7 macrodots 



Figure 28. Macrodots in a Position Tag 

Since the dots are monochi-onie IR alisorpli\e Jots are [M-uUeJ on a non-ahsoipn\ e t\iek- 
ground a "black macrodot" is physically di lie rent iVoiii a "white macrodot". figure 2^) 
illiistrales a magnified view of macrodots. 
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Black and 

white macrodots 



Black macrodot 

surrounded by white 




White macrodot 

surrounded by black 



Figure 29. Magnified Macrodots 

The position tag structure is based on concepts used in tfie A /tec 2D Barcode [98] 
(invented by Andy Longacre of Welch Allyn Inc. in 1995, and is in the public domain). 
While the position tag uses the same bull's-eye structure mechanism from the Small Aztec 
S\ mbol for symbol location and orientation, we define our own interpretation for the 
mode bits and do not allow variable length stnictures. In addition, the position tail is a 

17x17 array, which is not possible in a pure Aztec code. 

Figure 30 shows the high level structure of a position tag in t-elation to its 1 7x ] 7 macrodot 
array. The target/orientation area consists of a 5 level huirs-e>e with 3-bit orientation 
markers on the outer comers. The fomiat of this area is identical to that used in the Small 
.Aztec Barcode although it is placed off-center The Mode Data .Area is the area between 
the orientation markers in what would have otherwise been the 6th level of the bulTs-ex e 
target. The remaining area is used to hold the actual data tor the position tag. 
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n Target / orientation 
^ area (fixed patterns) 

Qj Mode Data Area 
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Orientation Markers 
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Figure 30. High Level Structure of a Position Tag 
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16.1.1 Target and Orientation Area 

I hc tamcl anJ orient. Uioii area is a h\od [Xiiicrn a> s1io\mi m l- iiiurc ^ 1 . Vhc toi-nial of tins 
area is klLMitical lo tliat uscJ in the Small A/tce Marc^Kie. 



Orientation Markers 

Top Left 



t r 

\^^^ Top Rigtit 

PI Lower Left 

■ ■ Lower Right 



Figure 31. Target and Orientation Area 

I he black positions in are black iiiacrodots, and the white positions are white macrodots. 
I he 5 level buirs-eye pattern is easily found in a 2D image by scans for topological con- 
nectivity, then useful for pinpointing the exact center regardless of orientation and for 
determining the main axes and local X-Y dimensions. On the four corners of the target are 
3-bit clusters of orientation bits, which allow the lag's orientation {and even possible mir- 
ror imaging) io be quickly determined. 



16.1.2 Mode Data Area 



The bits in the layer immediately adjoining the target (other than the orientation bits) com- 
prise a 28-bit string, starting upper left and circling clockwise. This area is known as the 
Mode Data Area, fhe relative position of the 28 Mode Data bits can be seen in Figure 32. 



Mode Data bit 0 



\ \ i W \ i-i 



Mode Data bit 27 



. Target/Onentation Area 



Figure 32. Mode Data Area 

I he 2X-bit sinni: is encoded nieta-mttirniation used lti decode the remainder- of the posi- 
tion tag. ( )[ part iL ulat nt>te is the first bit of the nieta information. 1 1 this bit is 0. then the 
decoding of the d<ita area is as described here. Setting this bit to I allows tor redefmitton 

of the position taus at st>nie later date \shile remaining compatible \Mth existing [Xiges. 
1 he in eta inloMiunion and n> eneoJtni: to 28 bw^ i^ de-oibed in SeeluMi Uv2. 1 



16.1.3 Data Area 

When the first bit ot the met a intormati(Mi decoded trom the Mode Data Area is 0. then the 
data aiea is defined to be the Ui8 bits as sho\^n in I njuie .^0, 
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al\\a\s lurilici itic taiL^cl area (a lilauk niacrt)Lioi represents a "1" hil. aiu] a \^ll!^c 

niaeiojoi [e[Meseiiis a "O"" i^n ) I i^ure '^o iliusirales the sequence arul oneiuatioti o1 tlie 
•.loiiiiiu^N \\\\cu turninL! ilie corners in tfie data area 



Figure 33. Domino Mapping and Sequencing of Data Area 

The svsicnialic domino-based layout of the data siinplit'ies botli encoding and decoding at 
the grapliical lc\eL Vhc encoding mechanism for the data is described in Section 16.2.2. 
altfiough It is uortii noting here tliat decoding errors and tag damage are expected to occur 
more tow ards tlie edges ot^tlie tag. 

Note that tlie 17x17 structure of the position tag means that w itii reference to the strict 
A/tec C\>de. the first ia\er of data is complete, but tiie second la\er of data is oiiK half 
ful!. If the second !a\ cr was completei\ tlie p)Ositlt)n tag would be a M)xiO square cell 
\^ ith the target area in the center. 



16.2 Position Tag Encoding 

16.2.1 The Mode Message 

1 he 2S-bil strmg m the Mode Area is used to hold 8 mode bits. I liese tS mode t^its describe 
how the remainder of the [^ositioti tag bits \\ere eiRSKled. 

I he 8 mode bits are encoded into 28 bits via Keed Solomon laicoding. 1 he Mode .Area 
therefore liokls the <S mode bits and 20 addiliimal check bits. The 8 mode bits are parsed 
into tvso 4-t^it words, and then 5 additional clieck \^ ords are computed by s\stematic 
Keed -So lorn on encoding over the Cjaiois field GVi 16) based on a prime modulus polyno- 
mial of: \ 4 .V + 1 ( I*-) decimal). 1 he generator pol\ nomial of (.v-2' )..(.v-2'M is: 

.V ^ + 1 I .\ ' 4- 4.\ * i (t \ f 2 

Reed-SokMiKMT encoding w as ch(^sen for its abilitx to deal w ith burst errc^rs and effect ivel\ 
detect and correct errors using a minimum of redundanc) . Reed Solomon encoding is ade- 
quate 1> discussed in |99], |82]. and |s5|, I he reader is advised tt) refer to these sources for 
background information. 

I able 6 shows tlie interpretation of the mode l^its. Note that the first hit of the mode data is 
a \ersion bit. anti determines the interpretation of the remainder of tlie mode bits and the 
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tail data. I lie Version bit s[u)ukl thcretbcc beset ioi). I atec nnefptelcitions ot tlie taii can be 
cletliied at a later date \ la tlie \ersion bit. 



Table 6. Interpretation of Mode Bits 



#Bits 


Name 




Description 


0 


Version 


0 = the interpretation of the remaining 7 bits and the data area is 
as described in this document 

1 = for future use 


1-2 


NumMsgWords 


Defines how many 6-bit codewords of the data area are message 
codewords, and how many are check-word codewords This num- 
ber IS determined by the encoding scheme used for data (see 
Section 16 2 2) Values are 

00 ^ 15 data message codewords 

01 = 16 data message codewords 
10 = 17 data message codewords 
11=18 data message codewords 


3-7 


Reserved 


0 



16.2.2 The Data Mp?i.sanp 

I be Data Area eon tains 168 raw bits, which is an encoded form of t tie 90 bits ot position 
tag data (see lable 5). The 168 bits are represented by 104 bits in the tnst kiver siirroimd- 
ing the target area and 64 bits in the layer half surrounding the fii-st. 

Fhe 90 bits of position tag data are encoded into 168 bits using two steps. I he first step is 
to break the 90 bits into codewords of 6 bits such that there are no codewords with all Os or 
all Is. The second step is to Reed-Solomon encode the data over the Galois Held (iI-{64). 
which generates additional 6- bit check words. 

16.2.2.1 Step 1: Message Encoding 

In the first step of message encoding, the 90 data l^its is laid into a sequence t)f (vhu nle^- 
sage code\\tn\is in a general 1\- direct fashicMi. starting at the most significant bn t>f the lirsi 
codeuord. \\ ith two ke\ exceptions; 

• Whenever tfie first > bits placed in a codeword are all "O'^s. then a duniiii\ "\" is 
inserted into that codeword's LSB and the follow ing message bit starts otT tlie ncM 
codeword. 

• Whenever the first 5 bits placed in a codeword are all ^M"s. then a dmnnn '^0" is 
inserted intt^ that codeword's kSB and the f(4Uns ing message l^il starts off the next 
ctuicw o\\\. 

In the end. the character and b\ te botindaries in the original 9()-bit message hiwc no neces 
sar\ relationshi[^ w itii the codeword boundaiies \ p \n > hits nia\ remain unfilled in ihc 
final message code\\c>rd. and the> are to be padded out \s ith r\ (and possil4\ a f inal 
dummy '^0" if necessary ) to eliminate any ambiguity. 

file code~ft>rming rules are designed tt) never create a /;/ev,swi^'c codeword of all Os or all 
Is. but tlie error encoding adds ou additi<MKil codewords of am value fhus dtinnsj: dectnl- 
an occurrence of iliose illegal values witfnn the messaL'e res.'ion (hut H'^i \sithin ilu- 
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111 Ihc case ol our WO-lm oriumai incssaiics. lliciv arc two cases to consiJci : 

• tlic '\ s/ ^jsc IS ihal 1 > cotlc words arc ;jciiciatcJ lor tiic data incNsai^c 

• the \wv s/ case is that IS colIc \M>ids arc i:cncratcd tor the data tncssa-c 

Ihc L\K\c\\i)\\\ Ixtscd tucssagc tlicrcfore C(Mlsu^lc^ /) h-b\\ codewords. \>.hcrc [) is m tfie 
r^uiLie 1 5 - I S. 

16.2.2.2 Step 2: Generate Check Words 

Ihc sccofid step ot message eiicodiiiLi iiuoKcs -cncratiiig tfic eiicck \sords tor tlic data 
message. Since the data message eonsunics iKMween IS and 18 6-bit ot the 28 available 
codew ords, the remaining 13 to 10 codewords eati he used tor check words. 

liic K additional check words are computed In sxstematic Keed-Solomon encoding o\er 
the (jalois Held (}1 (64) based on a prime modulus poKnomial of: 4 a + i ( 67 deci- 
mal). [ he generator polynomial is simpl\ expanded out to (.\-2 ' )..( ) as needed at the 
time ot printing. The check words are not adjusted in the same wa\ as the tnessaue bits are 
adjusted. 



16.2.2.3 Step 3: Place into Data Area 



1 he tinal message to be stored iti the data area ot a position tag consists of 28 6-bit code- 
words made up on.) message codewords followed by K cheek codewords. I he exact num- 
ber of message codewords. D. is stored into the 2-bit NumMsgWords component of the 
Mode information for the position taa. 

I he lesulting sequence of codewords is parsed anew into a sequence ol 2-bit dommos (see 
Figure 34) and is then taken in reverse order and graphically laid spiralling clockwise and 

out^^ard through the data atxa (sec figure ^^). As decoding errors and Uig damage arc 
expected to occur wove tow ards the edges of the tag. b> re\ersing the codeword sequence, 
the message codewoiLls occup\ those cdiie rcL'UMis. 



6 -bit codeword 



MSB LSB 

' ^ n ■ W i""^ 0 : 



] I 3 2 \)\\ dofiTinos 



Figure 34. Relationship of 6-bit codeword to generated dominos 

One macrodot is placed into the data area per bit. The placement of an IK absorptive mk 
macrodot re[Tresents a If there is no IK absorpti\c ink placed on the [xiLie at the partic- 
ular locaiu)!!, then that macrodot re[^resents a "()"" 
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17 In-Pen Processing 

I hc pen nuisl send tlic appliance 100 sanipie> pcv second. I he niechanisni tor leadnvj, 
positional intornianon troni the posilion taus iiuist work at this 100 11/ rale. I he lollou niLi 
tasks must l^e petioniied each sani[^le: 

• ( apt lire time, tilt and pressure 

• C\ipture the image 

• Locate the position tag 

• Decode the posilion lag 

• Bin Id stroke information 

• Activate the light as required 

• i-ncrypt the stroke data 

• Transmit the encr>'pted data 

When a pen down is registered, we capture the first three frames at the two extreme focus 
values and the middle focus value. After that we perform regular auto focus based on a 
sharpness metric. In this way we are more likeiy to capture a - single-ciick" e\eni. 

While the pen is in range of the receiver imit. partially completed strokes are transmitted 
as they are being tbrmed. When the pen moves out of range, stroke information is buffered 
within the pen (approximately 12 minutes of pen motion while physically on the page), 
and transmitted later. 

Kach pen contains a characteristics block which can be read by the appliance. It contains at 
least the information shown in lable 7: 



Table 7. Pen Characteristics Block 



Name 


Description 


Penld 


A unique pen identifier - unique across all pens 




Modelld 


The model number of this pen'^ 




Manufactureld 


The manufacturer of this pen 




Tdtlnfo 


The relationship between tilt and pen position 





a This can be combined with Manufactureld to allow the appliance to download a set of 
pen characteristics. However it may be more convenient to store the characteristics 
(such as Tiltlnfo) in the pen for convenience 



17.1 Position Tag Decoding 

17.1.1 Capture Time, Tilt and Pressure 

1 he pen contains a n Limber of sensors, includinu current pressure and lilt. 

17.1.1.1 Time 

Ml ineasurenients are made in die context ol a particular time stamp. Hie pen contains a 
tnn.M to -n;ihK^ r(]u:)ll\ time-sp;u ed me;ism-enieiit ^ td be made AlthouL'h ue caplnre sam^ 
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17.1.1.2 Tilt 

I he pen contains 2 tilt sensors - cacli one J ircct l\ mcasut 1 1 !t tt>i" a 'j i\ cii axis w nh ,i 
nlutuxi accui'acx to at least ^ hus 

lilt 1^ rcqLiifcd tt> (.Iclcriniiic the iiil^ posit kmi, I he a[^pliancc u^cs the t\\ lilt \ alucs and the 
pen's noii-eoi^recled [^en [position to determine the actual pen nib position, i he Vcn ( har- 
acteristics MIock contains the relationship reqmred tor the calculation. Otlloadnig the cor- 
rection calculation to the appliance reduces pen complex it\ and price. 

17.1.1.3 Pressure 

\ hc pen contains a pressure sensor \shich measures to an acciirac\ ot at least bits. I rom 
the pen's [^oint oTn iew. tfie pressure value is onl\ used to determine whether the pen is on 
the paper t)r not. The appliance is responsible lor all other interpretations ot pressure, such 
as detemiining ether an item on a page is being selected. I'he pen mere I \ passes the 
pressure value on to the appliance. 

l:ach position tag contains a data bit called ContinuousPressure. 11' a given pen stroke 
includes position tags that have their ContinuousPressure bit set. then the pressure value is 
passed as part oftlie stroke information. If the ContinuousPressure is clear, then pressure is 
imf^lied tVom a stroke in terms ot^ pen-dow n and pen-ti[\ 

17.1.2 Capture the Image 

The iiTiage needs to be captured lor the pen position to be determmed. This onl\ needs [o 
happen if the pen is on the page. If the pen is not on the page then capturing an image \s ill 
be a w aste of time. 

To capture an image, data must be transferred from the image sensor to a fixed image 

bufter. This process iinoKes a single read and ^srite [^er i^ixel. flie minimum and ma\i- 
nnim \alues enct)untered during the transfer are kept in variables MmPixelEncountered and 
MaxPixel Encountered respect i\el\ tor later use in tlie (.lata lecoverv piAveNs (>ec Section 
17.1.4 on page 92). 

i liere ai*e a number of general considerations that aie piin of the assum[Mioiw lor leadiivj. 
in and decoding a pt)sition tag frt^n an image senscMv 

With regards to the image sensor itself, there are two calculations to consider: 

• sensed area calculation 

• image sensor calculation 

In summary, the CMOS image sensor must be able to sense 9()x96 pixels over a 3.()5mm x 
" Osuim area. Tfiis implies an SOOctf^i sensor. 

I inallv. the sensed image v^ ill be blurrv. 

A 96x96 image contains 9.216 8-bit pixels. We rounding up to 10,000 pixels for conven- 
mience. The transfer process involves on average 6.5 cvcles per pixel tor a total of 6^.000 
cvcles per position sample. On a 2^ Mil/ processor this re[Mesents 26** n of tfie available 

bandw kith. 
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17.1.2.1 Sensed Area 

i he hasic positional tatz is 17- I'' inacrodois. Since each macri^doi is a 4^4 arra\ of printed 
dois. eaeii niaerodcM is m fact 6S^f)S pniiteJ Jots. 

lo satislx N\c]Liist's Theofein, ihe sensor nuisi be able to see al least 2 lags. It the sensor is 
onl\ larLie eiioiigh to see a siiiule tag. it is most likeK lo sec pan of one lag aiui part o\ 
aiu)llier. B\ being u ide enough lo see two lags wc guarantee being able lo see al least one 
coiiiplete tag. I liis requirement increases the sensed dot area to 136x1 ^b. 

l inalK; since the pen must delect positional tags at an> rotation, we miisl consider the 
worst case rotation of A 5 degrees. This requtremenl increases the sensed dot area to 
192x192. 

At a printed dot si/e of 1600 dpi, the image sensor must sense a prmted area containing 
192x192 dots, which equates to 3.05mm (O.I 2 inches) in each dimension. 

17.1.2.2 Image Sensor Resolution 

I he basic positional tng is 17x17 macrodots. I his equates to a basic sensor resolution of 
I 7x I 7 pixels. 

To satisfy Nyquist's I heorem with respect to the positional lags, the sensor must be able to 
see at least 2 tags. If the sensor is only large enough lo sec a single lag, it is most likely lo 
see part of one lag and pari of another. By being wide enough lo see two tags w e guarantee 
being able lo see al least one complete tag. dhis requirement increases the sensor resolu- 
tion to 34x34. 

Since the pen must detect positional tags at any rotation, we must consider the worst case 
rotation of 45 degrees. This requirement increases the sensor resolution lo 48x48. 

binalK. lo satisfy Kxquisfs flieorem w itli respect lo niacrodols. \s e must o\ersainple at 
least at dcnible the macrodol resolulion. This leads to a senst)r resolution of 96x96. 

l-.ach sampled pixel is I b\te ( <S bits). We must also assume the lowest 2 bits of each pixel 
can contain noise. [:)ecoding algorithms must theret\>re be noise tolerant. 

17.1.2.3 Blurry Image 

Blurnn^ is introduced into the sensed image m the following wa\ s: 

• Natural blurring due nalure ot tlie ^cnsor's distance trom ihe pa^-e ttociio 

• \anable blm-ring o\er the image due to pen lilt 

• \\ arpmu of the page 

Natural blurring ot an image occurs because it is sensed out of locus. C \)nscquentl\ there 
is overlap of sensed data in the area sensors. Blurring is useful, as the overlap ensures 
there are \}o high frequencies in the sensed data, and that there is no data missed by the 
sensor. However if the area ct>vered b> a sensor pixel is ioo large, there w ill be too much 
biurrini^ and the sam[^lmg rec]uired to reco\er the data will not be met. 
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aiuuhci Ml'.' en <t[ lens p. .[ ^ 1 1 .il i JcsiLJiictl m itic Jif tcr ciicc ir, hlmtinL: 

ACH)' - tllC I »Ut l[ \S ill I I li I 

I Ik' . ulicf tt-: 111 o' '^l urn ml: . v mi v\ In. n .1 paLic -.i 1 ■„■ 1 1 1 1 \ \\ .11 [h-- I. \\ hen I he \\ ,11 |v:i:: \ , in 
ilic \ciiical ilinichHon. the *li^.i,ifn.c l'et\\ocn tlic p.i-i.- .in«! ihc -.^.tisor \^lll not r^- ^"iiM.ini. 
;iiul ilu lc \ c. i^h .r i I ng \v 1 1 1 \ ,11 \ ,11. r* f.s ihosc ai m ■ 

Monochronu- dots (IK rellcclivc anj iumi-IR reflcelno) \^e?e elio^en t^w ihc ta-- m L-i\c 
the Ix^t d>t)aiiiie ratiuc in i^ni iA feaJnu' cnv ircuiiiK-nts Ului iinu ean >.auNc prAthkaiis in 
attcnifMitig to determine \\hethei a L'i\cn dot is 'MaLk .t ""white" [ ii'iirc shoxvs tlie 
etteei of l^kii t uil! on a posilion la-j (.oinposed ol nuKtodols tioni no hhirnirj to severe 
hluiriMLZ, Notice l)o\\ isohited nuKtodoi^. disappear as the (■^luiiinii heeornc^ fiiorc severe. 




Severe blurring 



Figure 35. Effect of Different Levels of Blurring 

As the hluniiig iriL [eases, tlie rrutrc a yiven niaerodoi is tntliicneed b\ the surromxlifvj 

maei odot',. ( 'ons^Ljiieiillx the d> iiaii 1 iv. : ai;-:e lor a pai 1 1.. n l.n n la^ 1 odot deer ea-e ■ t onsider 
a -"w niaerodt^l and a "hhie^ m a.. .Jot. eacfi stii u.ii:id> d h\ all [lossih.l. ... i ■ ..t niac- 

rodtH'. l lie ^> maeiodots are bUna\d. and tiie eenter ma^ 1 odot -anipled. [ iliuu sliows 
the disti ibuli(Mi of f jsultant eenter iikk lodot f^ixel \ alues tv)i IdaL^ and w hite niaei-odots. 



Figure 36 Generalized blurring curve 
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I liiurc .U) IS iiucnjcd u> be a ^ep^c^c^tatl\ c hluiTinu. I he clkac Iroin pwcl \ allies 0- 1 80 
sluns s tlic raiiL!C ol l^lack macroJots. I he eiirve troiii [iixel \ahies 1^-2^0 sliows the i-ange 
ot white nuierodols. Ili)\\e\ei" the ureater the biurrinLi, the nune the two cuf\es shil't 
towards the eenter of the raniie aiul therefore t[ie greater tlie mterseelion area, \shich 
means the more Jitlleuh it is to deteriniiic wiiether a ^i\on niacrodot is hkiek or while. A 
pixel \ahie at die eeiiler f^oiiu of intersection is anil^iLiuous - tlie niaerotioi is eqUcilK likeK 
to be l^kiek or \s h ile. 

/\s I lie bhirring increases, the likelihood ol a read bit error increases. lortunateK, the 
Keed-Solonion decoding algorithm can cope \^ itli these gracefulK up to / symbol errors. 
I igure 37 shows the predicted number of Reed-Solomon codewords that cannot be recov- 
ered given a particular s\nibol error rate. Notice liow the Keed-Solomon decoding sclieme 
perlornis well and then substantial l> degrades. It there is no Kecd-Solomon block duplica- 
tion, then onl\ 1 codeword needs to be in error tor the data to be unrecoverable. Of course, 
with the inclusion ot~ erasure detection (via invalid codewords), the chance of correctK 
decoding the data increases. 



Figure 37. Relationship between data non-recovery and codeword error rate 

figure 37 otil) links code\sord errors to the total number of Keed-Soiomon codewords in 
enow I here is a trade-off belvseen the anu>unt ol bluiTing that can be coped with, com- 
pared to the amount of damage that has been done to a card. Since all error detection and 
correction is perlbrmed by a Reed-Sok^nion decoder, there is a finite number of errors per 
Reed-Solomon data block that can be coped with, I he more errors introduced through 
bUiii inL'. the te\^er the number ot eriors that can be co[uxi \^lth due to page damage. 

17.1.3 Locate the Position Tag 

1 he captured image !^ a ^>() > pixel map of <S"[^it samples, Retore an> [losition int(M"nia- 
tion can be decoded, the position tag must be located w ithin the image. Noic tliat tlie tag 
can have any orientation. 

I he Ursl step m locating the hvj is to lt>cate a buirs-cNC target (i mure >1) \sithin the 
inuiL-e Since we are imaL'tiiL' a \^ ider area liian a shilzIc ta;.' it is possible that tw o tamets he 
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>u(tscI ol the whtWc inuiLic liisicati ot' Ncarchinii a - inuiL-o. \s c oiiK ik'l'J scaicli an 
<SN ■ XN iinaLZC (a tcduclion ot 1 n troiii \ () samples \n ^'^-lA ) 

CO 0) 

■\ I Area of interest 



hntire image 




(95 95) 



Figure 38. Area of Interest for Target Location 

I lic level buirs-e\e pattern of the target is easily tbiind m a 21) image h\ scans lor topo- 
logical conncctivitN. theti useful for pinpointing the exact center regardless of orientation 
and for determining the main axes and local X-Y dimensions. 

17.1.3.1 Scan for Topological Connectivity 

Prior to unage traversal u e initialt/e an 88x88 arra\ (^f flags witii f). lliis arra\ keeps the 
\isited status of the corresponding pixel in tlie image, if llie Hag is 0 we ha\e not \ el vis- 
ited the pixel. If it IS I or 2. then we have v isited the pixel and bit 1 ol^he flag contains the 
sense of the bit (1 for black, 0 for white). 

V\e then start w ith the lop left pixel and compare adjacent pixels in order [o bu\\d a con- 
Mccti\it\ structure for the top left pixel. If the top left pixel is considered to be \^hite, then 
the connectiv it\ structure \\ill represent all connected pixels thai are also white. It the top 
f^ixel is C(Misidered to be black, then the connect i\ it\ structure represent all connected 
pixels that are also (^lack. As edges are met due to difTer-ences m en lor sense, adjacent con- 
necn\U> structures are huHt, 

I he order of pixel traversal in tiie image smiplv follows a standard pixel fill algorithm, 
1 here are many such algorithms to be found since this is a useful operation tor paint pro- 
grams. Near-optimal algorithms such as [2^>] and \M] onl\ read each pixel once on aver- 
age. 

In our case we must also consider the notion ot~ cok)r sense. Target location does not 
require the sophistication of the macrodot reading algorithm for mode bits and data bits 
for determimng if a macrodot is black or \shite (Section 17.1.4.2 and Section 17,1.4.4). 
1 lie minimum and maximum [Pixels encountered during tlic image capture were stored in 
MinPixelEncountered and IViaxPixelEncountered respectively, and these are used to set the 
thresliold tor black white as MidRange (MinPixelEncountered * MaxPixelEncountered) 2. 
A n\ thing greater than or equal to MidRange is considered to be white, and anything less 
than MidRange is considered to he black. 

As each connect ivit\ structures is completed, it is compared against the expected values 
tor the .-^ buH's-eve ia>crs surrounding tiic target center Possible matches are added to tine 
list, while non-matches are discartled 
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riic ttnal time taken tor [Moecssui^i tiie uiuiLie r. appr^xitnateK ^ c\cles per sam[->!e pixel 
riiis equates lo 4f>,-Uvt c\ eies ( SS - X<S - ). or 1 o of tiie a\ ailable proeessiM baiuhs idtiv 

17.1.3.2 Determine Target Axes 

1 he eoiiiiectivit) slruetures ean now Ix' exairiined touelfier in order lo loeale the tai-^et. 
Vhc identillcation oh 2 or more eoneentric struetures is enoug[i to Jetermine t[ie \ ^' axes. 

Taking one of the completel} isokiteJ eoncentrie struetures, 2 points on eaeh oh the 4 sides 
are chosen where the distanee separating them is at least 3 pixels, l or eaeh pt)int, the pixel 
ot maximum whiteness or maximum blackness is chosen as the estimate of the center of 
the line. Vhc estimate should be within ! pixel of the actual center, 

I he process of building a more accurate position tor the line center mvolves reconstruct- 
ing the continuous signal tor 7 scanline slices of the line, 3 to eitlier side of tlie estimated 
center. The 7 maximum values found (one for each of these pixel dimension slices) are 
then used to reconstruct a continuous signal in the column dimension and ttnis to locate 
the maximum value in that dimension. 



1 ve n e s 1. 1 ma t. es (::o j umn and p : :-:t. 
"■■e t. e rCol umn and bet r. e r P i y.c 1 m:. 
y<7; y + +) 



cie r e r r;i r 



or ; X = 0 ; X < 7 ; x f + ) 

samples [x] ^ GetPixei( 
1 ndMax ( samples , pos , max 
e.Samples[y^ = maxVal 

better Pixel - pos i 

M ; X 1 r eSamt:7: t-:>s , , :s, 
r ':'o 1 umn ■ pos * "-o j -.^r.:. 



vol umn- 3+ y, plxei-J^ 



FindMax is a function that reconstructs the oiiginal 1 dimensional signal based sample 
points and returns the position ot^the maximum as well as the maximum value tound. 1 he 
niethod ot~ signal reconstruction resampling used is the l.anc/ON.'^ \Mndo\\ed sine tunctuMi 
(see pages 157 158 in 1^>61). The function and kernel are shown m [ igure 







1, 

o/s 










d . t 


\ l.an; .-OS 








jo.:' 






-3 




J\ 


K Z' 


3 



Figure 39. Lanczos3 windowed sine function 

I he ! anc/os" w irnKn\ed sine l\mction takes ^ (pixel) samples troni the tlimensuMi beim 
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kcrnd toi poirus Iviuca, \ :,nJ \ I Ucsc p>„nN lor \-l lo \. and 6 points lor .\ 
\- l. rcciiiHinL. 7 poinisoxaail 11, order lo ^cl pixel values Iron, X-l lo \ I since some ,,1 
the pixels retained arc ihc same 

luo accurate posilioits o,. each o\ ?_ sides ol ihe isolaied huirs-c\e laNcr..iNe Ihc X an.l N 
axes d,rccll>^ I sin^: 4 sides alkms an avera.^e line 10 Iv ealculaled (siinpK ,he a\era..e ol 
the luo hues hiiilt Iroin opposite sides), 

I he distance from the center ofone h„irs-c>c la>er niacrodot line .0 the center of.he next 
hul s-eve layers nu.crodot line unes the distance hetueen macrodols in terms of a NX 
and a A\ with respect lo tiie ctirrent orientalion ol the image. 

1 7. 1.3.3 Determine Target Center 

In order to locale Ihc actual center of the ta.yel there are tvso cases to consider. 

• I I1C center of the target is one of the coiineciiv itv structures 

• The center of the target is not one of tlie conncctiv itx structures 

In the llrst case, we choose the blackest pi.xei of the estimated taruci center, which should 
he wiihtn I pixel of the actual center. I he process of building a m^te accurate posiiion (or 
the target center nuolvcs reconstructing the continuous signal for - scanline slices ofthe 
target, 3 10 either side ofthe estimated target center, fhe 7 maxmtum values found (oite for 
each ol these pixel dimension slices) are then used to reconstruct a eon|jnnn„s si„nal in 
ir.e column dmicnsion and thus to locate the maximum value in that dimension The pro- 
cesses the same as described in Section I 7. 1. .1.2 and uses the same niter as shown in Ti.-. 
lire .tv. '-^ 

If there is no current estimanon for the center, tlie center is considered lo be the calculated 
centerol the lour lines used in the calculalion ofthe axes in Section 1 7 | ^ Ihis process 
can be repeated tor another isolated buirs-e>e la>erand the tuo csi, males for tai-el center 
aNcraged. It the estimated center pixel ,s black, a more accurate center can potenlu.llv be 
obtained by following the ,.rocedure defined for the lirsi case, llo^^e^er care mus'i be 
taken suiee this ,,.,0,, |s not .ompletel;, isolated lor there uouki liaxe been a tai-cl 

estimate in ihe conncetiviiv struelurcs). It max be enoud, to mciease the accuracv in onK 
one dinien.sion. 

17.1.4 Decode the Position Tag 

V\ith the posuion ofthe tag known, tlie task ^,codu^^, ,t ean heoni. [)eeodin<- a posi- 
tional tag consists of ;, essential steps: 

• Detennining the orientation ofthe ta<i 

• l-\traeting tfie tag's mode data aiu] deeculing it 

• i xtraeting and decoding the data portion ot tiie tag based on the iiukIc data 
17. 1.4. 1 Determine Orientation 

On the fotir corners ofthe target are .^.-h,t eUisters of orientation hits, uhiel) allou the la^'s 
orientation (and even possil>le inirr(n- iiiiagin-) to he qiiicklx delennined 

I'Mn. the AX and A\ vah^es (obtained ,n Section r 1 ; ; .nd appK in. (hem to the 
a.. (irate target center ccn>rdmate (obtained m Section r I V > ). e .ire able to calciHate 
ilic cMfinated posidons ot tlic 1 orientation mac/odois 
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( ii\ cti [Uc niacrotiot ct)orJinalc ( tixcd [xiini ) \^ c sample \ iinaizc [^i\cK lo di vw al a center 
[^ixel \alue \ ia liilmear iiilerpoiation. 

Once the centei- p\\c\ value ha^ heeii detenu ined, \se tiA lo determine the hit \alue for thai 
maerodt)t. It) cU) S(\ we take the pixel \alLies repiesentiiiu the macKKiot centers lo either 
sule ot~ the inaerodol whose hit \ahie rs hcinu determined, and attempt [o intellii.ientl\ 
guess the value ot that center macrodot's bit value. Looking at the generali/ed blurrinu 
curve again (reprtidueed in Mgure 40 from l igure 36), but with BlackMax and WhiteMin 
shown, there are tiiree common cases to consider: 



Figure 40. Generalized blurring curve 

• rhe niacrodot's center pixel value is lower than WhiteMin, and is theretbre detlnitely a 
black macrodot. The bit value is therefore definitely 1 . 

• The macrodot's center pixel value is higher than BlackMax, and is iherefore definitely a 
white macrodot. The bit value is therefore definitely 0. 

• The macrodot's center pixel value is somewhere between BlackMax and WhiteMin. The 
macrodot may be black, and it may be white. I he value for the bit is therefore in ques- 
tion. A numl^ier t)f sciienies can be devised to make a reasonable guess as lo the value 
of the bit. These schemes must balance eomplexilv against accurac\. and alst> take into 
account the fact that m some cases, tfiere is no guaranteed solution. In those cases 
where we make a wrong bit decision, ilie bit will be m error, and must be corrected bv 
some other means (in the case of orientation bits, the other c(M-ners ma\ help, and in 
the case of tfie lag's data, the Keed-Sc)lomon decoding stage w ill ciM^rect errors). 

Ikdore the data can be extracted from the data area, the pixel ranges tbr ^'black'" and white 
dots needs to be ascertained. I he minimum and maximum pixels encountered during the 
search tor the tag were stored in MmPixelEncountered and MaxPixelEncountered r-especli\ el\ . 
I he folhnvmg f^seudoco<.le shows the method of obtaimni' vahh.I vahies fot WhiteMin and 
BlackMax based on the min c'C' max pixels encountered. 



Max P 1 yj- ] ■ 
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Jtii Lcnicis U) [Uc iolt and riL'tit ot tlic ilol in qiic^[u>n. usinL' ihcir \ allies m help Jclcnninc 
A inoic likcl> \aluc tor ihc ccnici d^M: 

• It the two inacmdots lo citlicr side are on tlie wiiite side of MidRange (an a\efai:e niae- 
rodot \alLie). tlien we can Liuess that it tlie eenter inaetodcn were \^hue. i( would likeK 
be a "detiiiile" w hite. I lie taet that it is m tlie not-sure reiiion \\ou!d indieale tliai tfie 
niauodot was black, and had been atVeeted b\ the siirroundinL- white niaerodots lo 
make the value less sure. Vhc macrodot value is therefore assumed to be blaek. and 
henee lfie bit value is I . 

• If the two tnacr\)dols to eitfier side are on the blaek side ofl^idRange. then we can iiuess 
diat it the eenter niaerodot were blaek. it would likelx be a -'detinite'" blaek. The taet 
that it is in the not-stire region would indicate that the [nacrodot \^as white, and liad 
been atleeted b\ the surrounding bhiek niaert)dots to make the \a!ue less sure. 1 he 
macrodot value is thcretbre assumed to be white, and hence the bit valtie is 0. 

• If one macrodot is on tlie black side of MidRange, and the other macrodot is on the 
^^!llte side of MidRange, w e simpl\ use the center macrodot value to decide. If the cen- 
ter macrodot is on the black side ol^ IVIidRange. we choose black (bit value I ). OthetAv ise 
we choose white (bit value 0). 

1 he logic is represented b> this simple pseudocode: 



bi t 



■:01 



I roni this one can see that usmg surrounding pixel values can give a good mdieaiion ol the 
value ol the center macrodot's state. The scheme described here onlv uses the macrodots 
liHMii the same row. but using a single macrodot line historv (the previous macrodot line) 
would be straighttbrward and vvonli investigating, to see if the added eomple\it\ of usmg 
additional neighboring macrodots would give a useful increase in accuracv. i his is an 
interesting area for future research. 

We .ilread> have the distance between the macrodi)ts in terms ot a A.\ atid a .\^■ with 
res[xet to the current orientation of the image. Rather than rotate the image to transtorm 
AX and AY both to I , we simply change the sense of the AX and AY values based on how 
iiKi; sets of 90 degrees it takes for the tag to be oriented so that bt>th I) values are posi- 
tive ; Ik four possible rotations bv 90 degrees equate to 4 different combinations of signs 
{+A\ and tAY). It is therefore trivial to translate AX and AY into Iwo deltas tor move- 
men; m \ and \': AXy and AYy for movement of I macrodot in X, and AXy and AYy for 
imu . MiL'Mi ot~ I macrodot m 
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With the 12 onoiuation i^iis t)lMaincd, the oriL'ntation of the tai: can be casiK clctcnniiicJ. 
( i!\ en 4 sets o\ 1 2 tilts, tlie correct (naemation is the one that ininini i/cn the luitnher hits 
in error, as sluns ii in lahle S. 



Table 8. The Four Major Orientations of the Position Tag 



12-bit value 


Orientation of tag 


111-011-100-000 


No rotation 


011-100-000-111 


Rotated clockwise 90 degrees 


100-000-111-011 


Rotated clockwise 180 degrees 


000-111-011-100 


Rotated clockwise 270 degrees 



17.1.4.2 Extract the Tag's Mode Raw Data 

With the orientation determined, the next step is to read the hit pattern representing tlie 
Mode bits from tlie tau. 

We know tiie coordinate of the tag's target center as ICenter^. Centery]. W''e also know the 
orientation t^fthc tag and therefore have AXv and AYv for motion in X. and AXy and AYy 
for nu)vement in Y. These deha vahjes enable us to step along the center ofan) macrodols. 
[^\ sampling the tag at the 18 mode bit positions (see iMgiire 32). COnseqiientK the loca- 
tion of the first feu mode bit are: 



• BitO location |Centerx - 3AX> - 5AXy, Centery - 5AYx - 5 AYy] 

• Bitl location |BitO« ^ AX> . BitOy • AY , ] 

• Bit2 location |Bit1. ^ AX;, , Bitl y ^ AY J 



Given the macrodot coordinate (fixed point) we use the sampling mechanism as described 

in Section 1 7. 1 .4. 1 to extract the bit vahie. 



l iie extraction o\ liits will lake ap[^rox imatel\ 168 c\cles on a simple microprocessor. 
■Assuming a clock speed ot~ 2.-^ Mil/. 168 c\cles pcv position sam[Me represents less than 
0. of the available processor bandw idth. 



17.1.4.3 Decode the Mode Data 

The 28-bit raw bitstream representing the tag's mode data has been read in. It must now be 
decoded into 8 bits ot nieaningful mode inlbrmation. 

I he eiata is ilecoded usitig straiL'hl for\v ard Keeel-Soiomon decoding. ( )nc of the advan- 
tagCN of uMUg dalois i lekl ( 1 1 { I o ) that a tt>tal of on I \ 64 In tcs are required tor lookup 
tables during the decoding [Troccss ( 16 b\ tcs each of [Mn^er: log. multi[^l> and inulti[^l> 
in\ crse ). 



1 he decoding process v>t 28 bits t>> <S l^its w il! lake a[ipro\ imateK i .."^06 c> cles on a simple 
microprocessor. Assuming a clock speetl of 25 Mfl/. 1,500 cycles per position sample is 
less than r*n of the available processor bandwidth. 



17.1.4.4 Extract the Raw Tag Data 
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I lie inacrtKlots represent hil: tlie ta,L: data area are read into a l()N-hit raw hitstreani aeeord- 
111- t(> itie locatuuis deserilx-d in l iunre .Vv We use the tag's tariiet eenter |Centery. Centery | 
and die orientation delta values AXx and AYx- AXy and AYy lo ealeulatc the start position. 
1 he delta values also enahle us to step aloiiL: the eenter t)t the data area's niaerodots, 

I he process of detenu m nij: d a L!i\en niaerodot is a 1 or a 0 is the same as diat earned cnit 
Uir reading the lag's mode bits and orientation hits (see Section 17. 1.4.1 ). A total of 168 
bits is read in from the image in this way. Ihe extraction of 168 bits will take approxi- 
matel\ 1008 c\cles on a simple microprocessor. Assuming a clock speed of 25 MM/. 1008 
CNcles per position sample represents 0.4% ot the available processor bandwidth. 



.1.4.5 Decode the Tag Data 



I he 168-bit raw bitstream representing the tag data has been read in. It must now be 
decoded into the Pageld. X and Y coordinates etc. (see lable >). 

I tie 28 X 6-bit codewords can be divided into message data codewords and checkwords. 
Assuming that the Version bit is 0, the 2-bit NumMsgWords Held in the Mode area deter- 
mines the number of message data codewords /) as 15, 16. 17. or 18. The remaininu K 
codewords are check codeu ords. 



bach of the /) 6-bit message codewords can now be examined to see if it is all O's or all 
I's. An\ such codeword is illegal (due to the encoding process) and can be considei-ed to 
have been erased. Determining that a codeword has been erased increases the error correc- 
tion capabilities of the check i^its. 



l lie data can then be decoded using straighttbrw ard Keed-Solonion decoding. One of the 
advantages of using Galois field CjI-(64) is that a total of onl\ 256 bvtes are required for 
lookup tables during the decoding process (64 bytes each of power, log, multiply and mul- 

ti[^iv inverse). 

I he dect)dmg process ot \hX bit^ lo 90 bits u ill take approxmiatel v 4.000 cvclcs on a sim- 
ile microprocessor. Assuming a clock speed o\ 2^ MM/. 4.000 cveles per position sample 
refTresent^ 1.6"n of the available pioccssor bandwidth 



1.5 Build Stroke Information 

I he information gained from the position is added lo tiie current stroke or is used to start a 
new stroke. The definition of a new stroke is that the pressure on the pen has passed a 
threshold to determine that the pen is now pressing on the paize. 

fach stroke contains the start time (in milliseconds) followed h\ the recovered page 1 1) 
and initial position I his is followed bv a series of positions for the stroke. I he positions 
cue implicitlv sepaiated bv I OOih ofAi second in time. While the tirst positioti is alwavs 
absolute, subsequent positions are delta encoded or absolute as required. I'scape codes 
allow compression tor a number of uiiknown positions (the tag cannot be tound), tfie 
encountering of different pagclds (for example the initial pagelD is unknown and finally a 
pagelD is recoveretf from a tag during the stroke, or it may be that the pen crosses from 
one page to another during a stroke), and the encountering of tags witfi ditTering Continu- 
ousPressure values. \^liich enable or disable the inclusion of a pressure value with each 
[^osit ion. 



I he follow ing is a definition tot a stroke 
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The length of a sample position is 66 bits (20 ^ 20 • 16 ^ 10) w hen the pen coordinate is 
lulK described, and 54 bits (20 t 8 t 16 t 10) when the pen coordinate is a delta aniount. 
Adding Hag bits to specify that tfiere is no escape mode ( 1 bit), we specify 67 and 55 bits 
respectively (approx 7-^> bytes). 

1 lie initial position requires 165 bits to define (32 + 64 • 69). Adding 1 bit to specify that 
the position is known at pen-down, we reqtiire 166 bits (approx 2 1 bytes). 

For a stroke over a single page that lasts 4 seconds, and assuming no read errors, there is 
an initial pen down followed by 399 deltas. The total stroke length is therefore 2 1,712 bits 
(166 ^ 399 X 54), which is 2.714 b> tes, or 6.785 b\'tes per sample. 

If pressure is also captured with each t^iosition (depeiuling on the \alue of the enctninteivd 
ContinuousPressure bits \Mthin each tag), a further 5 hits is required for each position. 1 he 
l:sca[Te ("ode of pressure Mode allows the toggling ot this state within a stroke. 

1 he stroke definition eopes well w ith unknown pen Uicatiofis. I f~ the initial position 
(pageld, coordinates etc.) is unknown due to the inability to locate a tag or recover tag 
data, the initial position for the stroke is marked as unknowti. Fhis initial position may be 
fbllcn\ed b\ an Escape Code of TimeSkip, signifying the amount of time where unkiu>\Mi 
[positions were captured. I inall\. when a tag is cafMured and decoded successful K. the 
I- scape (\>de for pageld is used. 1 his pageld is \alid until the next Ivscape Code pageld is 
inchided ui the stroke (niserted \\ hen a tag is encountered with a [^ageld diflerent lo the 
current known pageld). It a tag cannot be found or decodei.1 successfulK mid stream within 
a stroke, the Escape Code for TimeSkip is used, which re[M"esents the elaf'jsed tunc where 
onl\ unknown [Positions weie sampled. An unknown pen position does not change the 
pageld. If tag positions are reacquired, the page ID may be changed, depending on the tag, 
A Timeskip entr\ for a set of unknown positions uses 1 bit for the escape code. 2 bits to 
define the t\ fX' of escape code, and \(^ bits to define the diirat ton of samples sk i[T[ied 
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P^''^ OHUa!Il^ O.SMM ot KAM lo hufVcr sirokc intorniat ion ln)tli dunn-. Mrokc coii- 
slmclion aiKi it iho pen is oui of ran-c (roni tlic ivcci\ci A O .-MB hurioi allovvs toi 
approMniaiclN ! strokes at l seconds per stroke, uiiieli represents more than \1 ni mutes 
ot stroke ea[Miire. Ifie exact duration utll depend on (fie success oC tau deeodm-. and 
wiiellier or not continuous pressure is bc\u^d ca[Min-ed 

It (he stroke bufler becomes lull, a BuJJcr-f uU Md) rs illumiiialcd. 1 lie UA) stays Mluini- 
natcd until the pen comes into range ofa receiver, ulicteupon ifie InitVered stiokcs can he 
transmitted and tlie butTer treed. 



17.1.6 Activate Light 



The position tag data area contains a LtghtEnable bit (see lahie I lie pen's llotSpot id I) 
must be enabled directly in response to the value ot this bit. There is no additional inter- 
pretation ot^the LightEnable bit In the pen. 



17.2 Data Encryption 



I he data stream must be cncr> pted before being transmitted to the appliance. Otherwise 
eavesdroppers could potentiall\ capture signature information. 

C'onsequentl>. tlie final stage before transmitted is the encryption of the data siream. Sym- 
metric encryption is u.sed since it is tractable in the time' av ai table. Possible sNmmetric 
algorithms tor use are listed in Table 9. In all cases, a minimum kev size ot 14 bvtes is 
assumed. 



Table 9. Symmetric Algorithms [83] 



Algorithm 

Blowfish 



CAST 
IDEA 

Tnple-DES 



Type 



Block 



4 



Clocks per 

byte 
processed 
(Pentium) 



18 



Block 

Block 
Block 



20 



50 
108 



Block size 
(bytes) 



Key size 
(bytes) 



Patents 



4-56 




16 


'■'es but 




f-ee 


16 




14- 


rjo 



a Although Tnple-DES uses a 168 bit key^ the effective key strength is only 112 bits 

Ol the algorithms listed in lable 9, Inple-DbS is the most eonservative choiee. although 
It is the slouest. At 108 eloeks per b> te proeessed. the eneoding ofa Mnule S-bMe bloek 
eonsimies 864 e\eles (8 ^ 108). 

I he pen must send 100 ener>pted sample^ eaeh seeond. Assumin- that eaeh sample 
requires a eomplele Iriple-Dl S bloek (8 bstes). the time taken to eneiApt I seeond of data 
IS 80.400 e\eies. 



l or a eloek speed oi'2s Mil/, 86,400 cyeles tor the 100 samples equates to less than O.S'\) 
ot tfie proeessor bandwidth. 

I he enersptuwi [voeess therefore has a thrtuiuhfMit of 800 b\tes \^cv seeond. 
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Memjet Introduction 

Mlmii|ci in [iL'w till" It al pniUinL! 
IcchiioloL^N under dc\clopnicnl al Sil- 
\ CI brook Research It is a 'clean slate' 
c1e\eUipnietit aitneil at cle\elopiiiL! tlK" 
'perteet' piint technolo^x \ov a vmJc 
range o\ at^pliealions lor which CLirreni 
ciiuilal prinlini! teehnolo^zies are inade- 
quate 1 he price pert ormance adxcin- 
tage o\er existing technologies siKh as 
laser printers and thermal inkiet pn titers 
is around Um> orders of magnitude. 

Key Features of Memjet: 

i*ageuidth ink)el printing - no si. an- 
ning [^nntheads. tl"ierelt>re \er\ last 
lligh no/./.le count: 5 1.200 no//les 
tor A4/letter. 

lull cHialtt) t olor photographic 
images al 1 600 dpi. 
hull qualitN text, including Japanese 
Kanji . 

Wide ink and paper tlexihility - it tree 
times less water than 600 dpi prmt- 

ers. 

1 ligh speed - 30 pages per minute 
(ppm) to 4000 ppin. 
High noz/.lc density - 25,600 no/./.lcs 
in a 75mm~ chip (compare lo latest 
MP - "^00 no//les in 75 mm-). 
Low cost - under SIO for a M) [^pm 
letter ■A4 lull color 1600 dpi pri'it- 
head 

\ ow po\s er al low s hatter\ operatmn 

tor maiiN a[^i^l ications. 

Small si/e - printers inctirporaled m 

mobile phones, cameras. e\eti j'^ens 

Simple drive circuits - "A' (.iigital 

,\S1( ' \o\\ pineount 

High \olunK* manulacture - ."^6 nul 

lion X"" head-, trom a 2s. 000 wa'er 

[^er month tab 

l.ow manutacturing iineslnient -can 
adapt a OA micron (AlOS fab 
1 xcellcnt [Xi:ent [Moteclion - 2^0 I S 
[patents [^endmg. bot!i basic pate nts 
and strategic tilockmg [Xitcnts 

Radical, not Evolutionary 

1 he cioNCst iechnolog\ to Meni|el in 
1 hernial bik .le' ( 1 1 .1 ) Ibis iceli n. >1 ( »g \ 
^^as m\ cnled fdugliU si niul lancou^l \ b\ 
(anon and ! 1 e\Uett 1 *ac kar d ari>und 
M>X() ( ( Am Ml - \ arK-l\ is kno\s as I iiil^ 



bleiei l. and curieiul\ results mi annual 
rex enucs art>und S24 billion 

1 hernial ink)et [Muitheads [Tro[x*i a 
dro[Tlet ot ink out oT a iio//lc b\ super 
heating a tin\ \olunie ot ink. 1 his ml- 
uiulcrgoes a Hash e\aporalion process 
r(Mnimg a bubble which pushes the inl- 
out of the no//le, 

1 here has been a mas^i\e uu estment 
in developing tiiermal iiik|el technologx . 
which has stead il\ a'Aance.J products 
tVom initial 200 dpi black onl\ printers 
with 12 no/./les. to current full color 600 
dpi printers containing [Minltieads with 
a^ mam as 60X nozzles. 

ilowe\er. Meinict d(K^s luU use the 
thermal inkjet operating principle, and is 
not an extension of 11.1 tcchii' ilog). 




Micro Electro Mechanical 
Systems (MEMS) 

Memjet is derived Irom Ml' MS 
technologx. MINIS is Micro Idectro 
Meehanicai S> stems, and is basicallv 
the construction ot mechauKal svstems 
using VLSI chip labncaOon tcehnKiues. 
MI NIS alKwvs tile i iite^jrathMi of liuii- 
dreds ot niilhons ot incchanical devices 
on a wafer, ("ertaui MI NIS processes 
(such as the Memi^'t process) allow the 
inlegration ot N1IA1S and ( NlOS pro- 
cessing 1 his is csscnlial loi a page- 
\Mdtb printhead. othervMsc around 
50.000 oti-chip connections would be 
rcLjuucd. making tl e cost prohibitive lor 
V ol unie markets 

N1IA1S devices arc used m iiianv 
a[ipl icat ions, tliougb )cv^ ol these ap[ili 
cations have reached subslantial vol 
nine ..ik-s S(qiic t>1 llu- t-i.--.! kno-Aii au' 
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(Ml i!k' ( M( )S chip I acli niirrni 
iL'tlL'cts liL'hi ciihci towards a \io\MiiL: 
sL'K'cn oi uu^al\Ua Ixiltlc. As aii o! tlic 
iiuiioi^ arc iiiJcpciulcntiN coiUrollcJ. a 
lai l:c aiiiouiil o! 
Jala can be pro- 
IcclcJ c\ cii llioLiuh 
the iiuliv idiial 
s[^ccd of the mir- 
rors is (Mil> around 
SOkll/, 

Vlcnijcl is con- 
ccplLiallN similar. 
A Mcnijcl prinl- 
hcad contains 
around 25.000 

tiin paddles on a ^ ^ ^ 

v/M( )S clap, ! .aL I'l I ( - ' > I. I - 

paddle IS indcpcn- ' ^'w/^o^ 

dcntt) dcHcctcd in 

response to page image data dislribuled 
on the CAIOS chip. When do 11 ec ted. 
each paddle pushes a microscopic ink 
drop out oi a nozzle towards the paper. 
/\s all of the paddles are i nde pendent 1\ 
controlled, a large amount ol data can be 
printed e\en though the individual speed 
of the paddles is only around 40 kHz. 

Memjet Value Proposition 

I hc \ alue proposition of Memjet is 
'practical page\sidlh inkjct priming'. 

A scanning printhead is tundamen' 
tail\ around 100 times slower than a 
pagewidlh printhead. This is because tiie 
a scanning printhead must scan across 
the page numerous tmies - around 40 



I lu- Pi^ i^i 1 iiiKi.ii; v ; ; l ; c [ i .■ 

ix■l \\ ^'c [i N^'anii M iL' and pai; .-w idl ii pi i ill 
heads IN t lie \^ uilh ol ihe jM iiilhead 

lhL.'ie IN an esNcnlial di\id^ belwc^'c. 
s^annnuj pimlheadN (ioul'IiIx t ' i aiui 
pagevMdth piinlheadN (N" loi t S leUei 
\4). Prmiheads beiween iIicnc \ahiCN 
are not \ er\ usehil - there in no "e\t4ii 
lionarx " progression. 



Vov example: \ ()u can't make a letter 
A4 pagew idlh printer out of a single 4" 
printhead. Neither can > on make a rea- 
sonable scanning prmter - a 4" print 
swath is \irtuall\ impossible to 'stitch' 
on the paper w ithout getting highU 
obiectionable lines across the page. 

A pagewidlh printhead means lots oi~ 
nc^zzles. Voi a 1600 dpi. 4 color. 8" 
printhead. 51.200 ntv.zles are required. 
This ccMnpares to t> picail\ ."^OO nozzles 
tor I'LL and 1 2(S nozzles for [Piezoelec- 
tric inkjets (such as LpstMi aiul Tek- 
tronix). 



Previous pagewidth prmthead 
f)rojects 

l'a''c\^idi:: pi ; n; hci.i . 
iven llie 'lioL- I'lail iIk- ink|ci mkIh'. 
I v\ . and \\A\ e h^.\'ii \\\^: -.iil^icci i M i men 
Nue research al \anoiiN Liii'c conijXMiic- 
loi moie than a de^^Mvl'.' 

l're\ioii,s a lie 111 pis ai (KiL^ex^ tdih mk 
K'ls ha\e mostK tried Ui Ncale u\^ enlii.-i 
oft lie t\^o currciil tec lino I oleics - 1 hernial 
Inkjet iir pie/iK'lecn k 
mkjcl Uolh o! these 
approaches Tad lor a 
number o\ iun^lanien- 
tal reasons. 

Why cant you make 
pagewidth thermal 
inkjet printheads? 

1 hermat inkjel ( 1 LI 
or Bubblejet - IIP and 
(/anon's teclinolog\ ) is 
not suitable for page- 
\s idlh printheads as the 
pow er consumption i^ 
around 1 00 limes too 
high. This makes i) 
\ er\ diftlcult lo get sutricieril power mto 
the printhead. lIowe\er. e\en more dd- 
flcull is gelling the waste heat out of the 
printhead without boiling the ink. 

TLl cannot be made m a monohthu 
process, as the nozzle plates must W 
around 30 microns thick to withstand 
the transient pressures generated by the 
bubble. .'\s a result, tliere are extraordi- 
nar\ maniiiactnring ddllculties in scal- 
ing up from sma'l printheads to 
page\\idtli printheads. Lhese include 
dilTerential thermal expansion (makmi* 
it extreme! \ difllcull to align the no//les 
at both ends oka long printhead siniulta 
neousl> ) and cracking ot~ the silicon 
t.1iips due to the high stresses durini' 
nozzle plate allachmeiil. 

.Also. 1 LI and Bub[4eiel printhead^ 
\'.eai out due to kog<nion and ca\italion 
(neither oj these [^loblemN alteci Mem 
jcl or [Mc/oelectnc printheads). While ii 
IS cost elVectixc to !requentl> repkice ! 
cm loUL' ^cannmL' luinlheads. [^aL^e\Mdlli 
prmtlK^kK should have a longer litetinie 

Why cant you make pagewidth 
piezoelectric inkjet printheads? 

I lie problems \\ nh Ncaling [^iC/'o 
electric [^rmt heads are entireK ddfereni 
ihan tliosr j< w I l.i I he niaiii piol4eni is 
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Pagewidth printhead 
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\ lu H liM pu ihk-;i ; i - i-,! S i i i./oii 
noi A pic ■tK-k\-l; I..- iiKiK'i uil. Ai]i\ 11 IN 

>;L-cl I \ K Ml lUM Kil - , r i ( \ K )S ^ t-.i p- I 111 - 
nioaiis tlun j sopaiMtc cxlonuil eonncc- 
•ion In ic^-i iii"L'J !^^^ c,ii.h A piinl- 

hoaJ L\]Li \ak'in lo an S ' Mcinioi 
piinllK'aJ vm'mK] tcqaiiL' al k-ast ."^1.201 
cxlcinal ^ iM.nc'. lion;- W ink' thcorcli- 
call> poN ,,1-k;. [he ..onI o! iIv^nc coniicc- 
I lon^ 1 N CV' i: tiiiani 

I lio drive voUa^iL' icqiiiixal is ai'ounJ 
[{)() \' lo W so |i is also Jitlkaill U^ 
intcgralc Liijjc nunihcis (.il cliivcr^; (in a 
MiiLilc chip 

.AntnllKa piohlcni cnl i lu: intcgra- 
won In til 11 llic pic^tioloclnc material 
must l^c ccctncalk pn>lccl at aroLind 
I()(J. ()('(} \o!ts. v.litcli makes il 
e\lren;el\ *!itrieiilt te> protect iiUeuraled 
rVlOS circinirv 

How fast can a Memjet printer go? 

l or ni->,i consumer and IM/ printer 
application the lull -peed t>t' Memjet is 
not requn'i'ik in tliese a[ipl icalions. the 
print spee<! \\ill yenetallv he limited b\ 
the low cost paper movement mecha- 
nism, 

llowexer. tor \ariOUs industrial ar.d 
eomm(;rcial prmtmL! ctpipl icat ions, hiyher 
print speeds are desirahle. 

Individual Memiet nozzles can oper- 
ate at 40 M h' {and are likelv to ot^erate 
up to 1 00 kHz) Al I dpi. tins mean^ 
a print s[ie ;.j ok 2.^ inches per second. .A 
"standard" Memjet prmthead lias lour 
channels !'*r tour ink colors. 1 f~ this 
prinlhca(.i r used lo [^rinl a single color 
instead. lh>;n the maximum print speed 
IS 1()(» inehes per second. A .^>4 inch 
v'vide v\eli (paf^er rolli let.! [printer, wilh 
prmthead:. <mi hoth sides ot^ the [^aper. 
[^nntinL.' ai I 00 mehes per second, lias an 
eL]ui\<ileni print speed ok4.>(>4 [^[^m. .At 
these ["^riiit [KX'ds, it is [^ossihlc to conv 
pete diieetl\ wuh commercial olTsel 
prmliiv^' 

Memjet - TIJ trends 

1 he haf charts to the ritiht sho\v ilie 
trends lor diecmai mk|ct [irmtheads Irom 
the tlist commercial [products (o llie 
presen: 1 li.;se Ircuds are compvired to 
\OiaI IS e\ [ICC led to he the lust Memjet 
[VintheaLl - a 4". 4 color. 1600 djii print- 
tK\Kt \silh .^"^^OUO nozzles two such 
[^ruilhcad v1:i[ts tuittcd logelher make up 
,111 X p. r. s. - ■,' 1 d 1 k ; M I n 1 1 K-.id 
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IWMU^C Nil' ^TlMiUik R0N>.MI"ctl tla-- -.pCMl 

\o.n^ .in.iK 'liiL' lliL (Mobiom^^ \\ \\\\ 
vioii^ lochh' ^lo;jws. anJ cnMiMiiL- lh..i! 
iliL'-c piolMiMiiN .11 c NolxcJ loi Moniici 
Mcni)cl ha- Ik'cii ihionuh 47 iiiajoi- 
JcM!j!i iiciaiuHis to con\C!"L:o on ll^ cui- 
rcn) stale, x^hoic wt. hclic\c that t\iiihL'i 
Mill M n\ cniLails will not be >i i:iii 1 icaiil, 
I Ills (.jucsi Km" pot tovt n^ii IS onL^oini:. and 
il IN our intention correct an> uikIis- 
co\ ered problems as cjuickU as possible. 
As is \sel! I' no\MK a [Tix^blcni detected at 
an carK static can rx' orders ol magm- 
uide clieaper to correct than a problem 
dcieclcd at a protol> pe or production 
stage. 

Hicjti Resolution 

The true rest >li it ion oi' Mem jet is 
1600 dots per inch (dpi) \n both direc- 
lions, lliis allows full pholoizraphic 
qualiU color Images, and high qualn\ 
tc\l (including Kanji). Higher resolu- 
tions are possible with the lectmologN . 
2400 dpi and 4800 dpi versions have 
been invesligalcd for special applica- 
tions, but 1600 dpi IS chosen as ideal for 
most applications. The true resolution ol 
commercially a\ailabte advanced ther- 
mal inkjct devices is around 600 dpi. 
For piezoelectric systems such as those , 
from Epson the true resolution is sub- I 
slant ially lower, but the print head makes 
man\ o\erlapping passes over each 
pomt giMHg an 'elteciixe resolution" ol 
1440 dpi. at the expense of speed 
'Addressable resolution' is nov\ often 
qLioted in ad\ertisiiig to gi\e tlie illusior 
o\ higher resolution. 

Excellent Image Quality 

1 ligh image qualit\ requires high 
rcstilution and accurate placement ol 
dri)[^s. 1 he monolnhic pageuidth natuie 
ol MemiCt allows drop placement to 
siilvniicron precision. High accurac) i- 
also achieved eliminating mi:,di 

rc^'ted drops, clccliost jtic dellection, an 
turbulence, and eddies, and maintainiiv..! 
liiglih consistent drop volume <ind 
\elocit> . Image qualit> is also ensured 
b\ the j^ro\ isitin of surtlcient resoluiion 
to a\oid requiring multiple mk densities 
I i\e color or ^ colot 'photo' !iik)el - 
i.-nis ml rod I ICC fiairtonnii' art! I acts m 



High Speed - up to 120 pprn per 
printhead 

The pagewidth nature o\ the print- 
head allows high-speed operation, as no 
scanning is required. The print speed ol 
a Mem jet based printer will usual 1> be 
determined b> market requirements and 
the paper handling mechanisms 
required, l or most consumer or SOllO 
applications. "^0 ppm priming is around 
the optimum, as faster printers are domi- 
nated by complex and expensive paper 
handling. To achieve 30 ppm. the Mem- 
let printhead is operated at a drop repeti- 
tion rate of 10 kll/. i'he maximum drop 
repetition rate lor Memjet is 40 kll/. 
allowing 120 ppm full color printing 
Wow a single printhead. 

Low Cost 

A photo-\sidth photographic print- 
head assembU is projected to cost undei- 
S5. and a pagewidth A4 printhead 
assembh (using two 4" printhead equiv- 
alents) IS protected to cost less than Si" 
wlien manufactured using a 0,^ micr^Mi 
( AK )S process on wafers 
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wafer. red'iLing production costs lur- 

ih.T 

All Digital Operation 

1 he hiL'h resoluti(Mi of the prmthead 
IS chosen to allow full)- digital operation 
using dii^'ital halluming. This eliminates 
color non-linearity (a problem w ith coiv 
imuous \or,c printers), and smiplities the 
design of drive ASITs 

Small Drop Volume 

To achieve taie K600 dpi resolution, 
a small drop volume is required. Mem- 
)ct's drop volume is one pi col iter (1 pi), 
fhe drop si/e of ad\ anced commercial 
pie/oelectiu and thermal inkjet de\ ices 
IS around 10 to .''^O pi. fhis has been 
stca..liU leduced ovei the previous two 
decades from original drop volumes ot 
ajoutid 100 pi. A small drop volume 
also allovss substantialU less ink carrier 
(tvpicailv v\ater) to be printed to the 
;xiL".s allowing mueli faster drvmg and 
('liininaiinj print-thrtnigh . it is theoieti 
,:a\\: possible to build a I 000 dpi ther- 
nial inkic' prmthead vsiih 1 pi drops 
lio\^cvci. - leli a printhead v\ould need 
, pi ml " ! 1 taiics as nianv drops as a 
Lurrcnl ^i')') d[M printer. It v\ou!d be / 
limes ^l.u^er. and u.se around 4 times the 
cnerL'v. as a 000 dpi printhead with an 
equivalent number of no//les fhernial 
mkict prmti.as :ue alreadv too slow and 
unc too iiiiK-h p<Ascr. so It !s iinlikcl> 
.1^. . ■ iM-int ficad^- vM M be buill 
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L\U1 b^" ^oMllolk-J I'M op \l1o^iI\ ^Mll ht' 
.KCir.ilch \aiu.\i o\^.'i .i conMiic:\ihK' 
r.i'iL'.i; In xaiAiii:' iho ^'iici idi.'J 
ihv .n;UKiU)[ 1 \\y\] J:-op \ ^■locUic. ( ", i ) U i 
1 > IT ^) suiuihtc Inr pnnlin-j on roui'h or 
ritwoiiN ^^ll"tacc^ (MX-|i ■[Mam papoi' i 
can l-^^' achicxcJ u^mil' \ai ianon>- llu- 
no//lo chanil^ci aiul acUialor dnncn 
UMT. 1 V\cKc IiK'lCI'^ [ii.a S'^cond in clio 
L'n a- i1k' nomma' \l'Kk iI . toi NknnK" 
plain paper a [^pli cation^ \s l:orc an tlo\^ p, 
nnconiro! led 

Fast Drying 

A con I bi rial ion v lm n hi eh rc^olu 
Hon. \cr\ small (.Irvip:.. and hiuh dw 
dcnsit\ allows lull color prinlinsj vMtli 
much less water elected. Memiet eieets 
around one thir\i of the vvater ol' a (^0(i 
dpi llKM-mal inkjel prwHer. This allows 
last dr\ iiiLi and \)rtnall> ehmniate:-, 
paper eochie. 

Wide Temperature Range 

Mem jet is de si Li ned to cancel the 
elTect of ambient temperature. ()nl> the 
change in ink charactensties with tem- 
perature affects operation and this can 
be electronical 1> compensated. Operat- 
ing temperature range is expected lo he 
0 50 for water based inks 

No Special Manufacturing 
Equipment Required 

1 lie rnanulactunn^' process to; 
Mem jet leverages entirely from tin' 
estabhsheti semievMiducttM" mannlactur 
uii: )ndustr\ Most m^iet s\siems 
encounter ma)or (.litllenltx and e\[^ensi.' 
in moving from ihe labor.itorv lo pro 
duct ion. as high ac:cnrac\ specialized 
mannlacturing equipment is ree]uired 
l()r Mem jet, the eqmpmeni required fias 
a 1 reads been ^le\ elopi^-.j at a C(Vvt oi 
manv billions ot dollars lor the semicon- 
ductor mdusUv 



ai iv! ■ -c::: :a: \ < >t-.> >h''c i> >M \ h ;o:- 

jV ' Kind 1' Ml I llCI Cl* MC. \ oiuMK- ]M odu^. 

lion can use 'old' c \ isi; m.' 1 a^- 1 1 il r/ \ 1o-.i 
ol ;hc Ml Vhs j^o-i- pi ocesM 11-' :a:\ ah-^ 
\\: pel hwmc.i in a ( Alt )S Iat\ oi;i ai 
Icasi one ne\^ j^iece ol cqui[>meiii ^^ltl be 
rc(.jiined. ■ a dccfi sihcon elch-.a u^.lni' 
llic 1 ^oscl . j M oce ssh I 1k's^~ machiiK s are 
a\ai-abk tioin Alcaleh 1 dasina 1 1 cm i . 
and Stiiiace l eehnoloi'v S\ steins 

Goc'ci Liglit- Fastficss 

As ihe n:k is luU hcatcth tiieii; arc 
tew resti ic Imivn on the Iv [K's ol" d\ cs thai 
can be L^^ed 1 his alKnss d>es lo cho- 
sen ioi Ofvomum light-lastnes Some 
recent 1\ developed dves from coriipa- 
n:es su^h as /eneca Specialiics and 
By\Si- have light-fastness ol 7 on the 
b!ue wool scale. This is equal lo the 
light- fastness ot main' pigments, aiuj 
considerably in excess ol photographic 
dv es and of carK inkjct dyes. 



Good Water- Fastness 

As vv ith light-fastness, tlu' hu k of 
tliermal restrictions on the d_v e allows 
selection ol dycs for cliaracterisiics such 
as v\atet- fastness. I-'or exlrem<.*lv high 
water- la ^tness (as is required lor \sash- 
able tabiics) reactive dves can be used. 



eanial ! Ii.ii at', i udc ^ jMit c i cd-.. c i c^i , 
and hhics can h^' achh.'vcd ii^mc ,i o 
coh-: i( AI YK( d^ I model Siu \\ .i - 
^■olt'i [Minliica.l cai; tv niavk- c^sm.'n; ; 
^ al 1\ w nil a \' idlh ot onb I mm 

Elinii nation of Color Blooci 

Ink bleed between colois occ uis ii 
the dHterent f^rimarv eidors .nc ["Minicd 
\\lnlc the previous color is wcl \Khilc 
imaLjL' blurring due lo mk l^lced is i.jii 
call\ insigni iKant at Ui(M)d[v.mk bleed 
can muddv' ihe midlones ok an image 
Ink blee^i can be ehminatee b\ usiiic 
imciocmulsioii-baseLl mk. ftM winch 
Memiel is hiLihlv suited. 1 be use oi 
micioei:nulsKMi ink can also hel[^ pieveiii 
no//le clogging and ensure long-term 
mk stabilitv . 

Advanced Ink Formulatiofis 

Silverbrook Research liLis world- 
class, experti/.c in quantum chennsli) 
(refer lo papers in J. i^h\ s. thhcm and 
Cdiemical Phv sics l etters), aiul is appiv - 
ing tliis to tlie development o\~ a new 
class ol" inks with adv anced properties. 

High Nozzle Count 

Memjct has 19.200 no/vles m a 
nicuK^lithic CM^' three-color phtno- 
graphic prinlhead. While this is large 
compared to other printheads. it is a 
smalt number compared to the number 
of devices routinelv integrated on 
CM(JS VLSI chips in high volume pro- 
duction. It is also less ttian .""o of the 
number oi movable mirrors wliieh 
1 e\as ln^lrument^ iniegvates ii. its Digi- 
tal Micromirror fXw ice (DMD). nianu- 
fjclured usiiiLZ sinnlar ( MOS * MI^MS 
processes. 



Print head chip 




H I g b P ro d Li c 1 1 o n a f :> a city 
Available? 

\n S ' ( \1( )S Plb \^ :lfl ;s (}()() VS;)tC! 

Marts [vr monlli can produce around .^f) 
nnllioti X" I■Mlnlhead^ p^^a annum I here 
ar'.' currenOv m.inv sne li ( AU )S tabs in 
ihe v'.orld 

Low factory Sotuf) t^cjst 

I |-.^- la^ ;< w \ st;l - lip i.dst 1^ lo\'. 
(x'caii.e e■^l^Ilrtc ') mKion <>" aud X" 
( M* tal^ . . tn h,- ,1 \i tlu- !ii;k- o| 



Excellent Color Ganuit 

I be use ok Iransparenl (.Ives ok high 
color [naitv illov\s a color gamm i.on- 
siderabh. -Aider than thai ol olhei piini- 
mg aiu: silver halide photoLU aftlgv 
( )llset [^rinlmg in [larticulai Icis a 
rest 11 Lied ^^amul t.lue to light scatlci'ing 
Irom lh<; pu'inenls used W ihn ihree- 
eolor s\ ,!eins (( AH') ot !our-^-oK.i s\ s 
icms ((An ) the g.iinul is [ic< l' -san I v 
Imnlcd lo ihc tetialiedial \ohinic 
hclvvceii the olor \erUccs Ilua.-lofL- il 



51.200 Nozzles f)er A4 Pagowidtli 
Printheaci 

.\ lour -color U AH Fv ) Meiniel pt ml 
liLCid lor pagev^idlh letter \1 prmline 
use- l\^o chgv. kach M ^ ri chip has 
-^.oi i( ) iiM//h-s t(M- a loial o! ~- I .,'()( ) ii, >/ 




_ J.iKi JislnlHilion (.ircuilN isliilt icl' 
i-^k'iN). J.iUi liniiiiL:. aiui drt\c uaiiM^UM . 

1 1 li 1 ho no//lc> ( A\ 1 so, a 111 1 n ! inuii , 
o! " I ._^() 1 ovtonial oonnoolioiis \\ ouli.! I^o 
[o*.]iii[od. 1 his IS a so\oro [TtolMoin 
pio/ooloctno iiikjots. as t]r:\o onouH. 
oanin)l bo inloerato<.i on pio/ooloolno 
Mib^italos. liilOLiralion of main nnlhoii. 
ot ooiinoolions is coniiiion iii (A1()S 
\'l SI ohips. whioli aro (ahnoalot.! iii hi;jh 
\ olunio al high > tckl. li is tlio numbor oi 
olV-ohip conncotions thai must bo bm 
iiod. 

Monolittnic FalDncation 

Viomjot is niado as a siiiglo mono- 
lithic CMOS cbip. so no prooisioii 
asscmbl) is required. All iabrication i . 
port termed usini: standard CMOS \'l SI 
and MlvMS processes and materials. 

in thermal ink jet and some pie/o- 
L' 1 0 L L r i c i n k j o t s\ sic iTi s . t bic a s so m h) \\ ol 
nozzle plates with the printhead chip is a 
maj(K cause of low \'ields, limited reso- 
lution, and Hmited size. Also, pagowidtii 
arra\ s are t> picall\ constructed iVom 
multiple smaller cbips. I'he assembl> 
and alignment of tbese chips is an 
eNpensi\e process. 

Modular, Extendable for Wide 
j Print Widths 

Long page width printheads can be 
constructed by hutting 'standard' lOD 
mm Memjet heads together. The edge o\' 
the Memjet printhead chip is designed to 
autoniaticallN align to adjacent chips. 
One printhead gives a photographic size 
printer. tv\o gi\es an A4 printer, and 
tour gi\es an A3 printer. Larger num- 
bers can be used tor high speed digital 
printing, pagewidth wide format print- 
ing, and fabric printing. 

Low Cost Simultaneous Doul:)le 
Sided Printing 

l)oublo sided [printing (knov\n a> 
duplex" in the of boo marko!. and "per 
loot in the oommoioial print marko l ) 
can bo implemento<.i at low cost suiipK 
b\ moludiiig an extra f>riiitheat.I on the 
oiIkt Mdo ol the [\i[X'r. and duf^lioatiiu' 
iho ap[M-opi lato logic and image proooN- - 
11 11' V- 1 fou II ! lie t.-oN| and (.'oinplo \ itv o! 
piuvidiiiL' iwo pniuhoadN in lo^^ ihaii 




Straigtit Paper Path 

/\s there are no drums required, a 
straight paper path can bo used to roduoo 
the possibililN ok paper jams. 1 his is 
especiall> rete\ant for otTico duplex, 
printers, w here the complex mecba 
nisms required to turn o\ or the [xigos are 
a major souroe of paper jams 

High Efficiency 

khermal ink jet printheads are onl> 
aro u n d (LI % e iTi c i e n t ( e 1 e c I r i c a 1 e n e r g \ 
mput compared to drop kinetic energ> 
and increased surface energx ). Memjet 
is more than 10 times as effieiont. 

Self-Coohng Operation 

fhe energ> required to eject each 
drop IS 142 n.I {{).142 microJtujlos). a 
small traction of that re(.|Uirod lor ther- 
mal ink jet printers. The low energ> 
allo\\s the printhead to be eompielcK 
coolo^i b> the e looted ink. \Mth onl\ a .V 
'"C worst -case mk temperature nso. No 
heat sinking is required. 

Low Pressure 

i ho maximum pressure generated in 
a Memiot printhead is around 60 kl*a 
({).(•) atmosphoros). I ho [pressures gener- 
ated In bubble nuoloaiion and oolla[^so 
111 thor-mal ink|ot and bubblo)ot s>stom> 
aio t\ [Moalb m cxoon^ W Mba ( 1 00 
atmospheres}, \^llloh i> IbO times ilv.* 
maximum Mom)et pressure. I ho high 
[M'ossuros Ml bubbloiot and thermal mkiot 
designs i\-Null in hieh ii loo b<in loa I 
nI rosso^ 

I ow Powor 



\S b s I f'^-' uial ink KM-- l\ [MoaM\ i oquin; 
al loa^l \ - aiivl ] /o,' k-o 1 1 i,- inki.;i . 
often l oq i:m o iiioi (h.iii \' | j, ■ 

Moi:i|ol aotiialoi in di.'N gncd Km nominal 
operation ai . ■ X allowing .i i)^ \ 

dioj'i aoios-> the dn\o iiaiiMNUM. Im 
aohii." \ o A t^'hip ojX'! al ion 

Of:te ration from 2 oi 4 A A 
Batteries 

l\n\oi on sum |M It in in low onoujjii 
ihal a photographic; Monitol piinthoad 
^•aii opt.'ialo trom \ A ballonoN A t\pioal 
o N, 4 inoh phoiogia[Mi loquiroN K.-nn tiian 
.]() .KniloN to [^rmi nnoiuding ^lii\o tran- 
sistor losso" ). 1 oui \.A batteries are reo- 
onnnondod if the phot.^ is tt> bo prmlovi 
in 2 seoonds If the print time i 
iiKreasod to 4 second.. 2 .\.\ batieno 
can bo used 

Drif+nr\/ \//"^ 1 1 o n o P r^f^T r^o n Q a ft o n 

^^.^.^,y .V. y..- ^ ^ . ^ . . 

Mem let can o[^eral'.- from an unregu 
lated balter\ supf^b , to eliminate eftl 
eienox lo>sos of a \ (iltage regu!at(M . 1 hi . 
means that consistent performance musi 
he achiexed o\ er a otMisiderahle range o\' 
suppK \-oltages, Memjet senses the sup- 
pl\- \'oltaue. and adpists actuator opera 
tion to achioNO eon:Mstent drop \ olume. 

Advanced Nozzle Clearing 

Memiet cmplox s two no\ cl patented 
te(.hnic]ues to clear clogged noz/les. and 
most con\entitinal techniques can also 
be used. 1 lie degree of potential no//io 
clciggmg is bighb dependent on the ink 
formulation, which depends on tlv.- 
a[T[Mioatioii. In pl-otugrapbio applica- 
tions cloiz-fM'oof inks can be used. Hot 
i+ieli inks tan also l>c eompleteK clo-.^ 
free When using aqueous inks, it r. 
essential to use no//le capping and to 
mohido a bn moo taut in tlie mk 

Small Actuator and Nozzle Area 

1 ho area loqiiin.'v; ■\\ a Momiol n-.>/- 
/lo. aolu tlor-. and dire oirouil tn C!t'ii 
urn- . 1 h:N ,N niiKii L'^N than I". oT if.- 
area required b\ [^>io/oo loo trio nikt^'l 
no//loN. aixl arouiivi l.--'b) ot the area 
icqiiii od b; 1 l.I no/ / Ion 1 ho aoluatoi 
ar-xi dnootfv aftooiN ilu pnnlhoad maim 
I ao U if 1 1 Ol in! 




Small Total PrifTttiead Size 

An cnliro r'TinllicaJ jN^cnihU 
( incluJinLi ink sLip;-:> channoK) Uw .1 Ic;- 
tcr A4. >i) i^iMTi. 1000 Opi. Ituii eoloi 
pnnihcaO is 2 1 (> 12 \ 10 nur. [ he 
Mnall si/c ailo\>v inccM'poralion mio 
notohocik cdiiipu^crs anO niimatLirL' 
prinlLTS. /\ plKUOiiiaph prinicr is 100 \ S 
\ K mni. alKnsin-.' inckisicn in pockol 
Jiiiual canK'ras. palmtop PCs. mobile 
phofK' Tax. aiul so ow. Ink '.uppK chan- 
nels take most ohthi> \oUime, 1 fie phys- 
iographic prinlhea^l chip iisell is onl\ 
\i)2 \ O..'^^ \ ()..^> mm. 




Various Nozzle Capping Systems 

No/,/Ic capping s\stciris ha\e been 
tlcsigncd tor various applications. 

A niinialuro no//tc capping s>siem 
lias been designed tt)r portable and pho- 
tographic appl ications. lor a photo- 
L'rapluc printer lhl^ ntv/le caj^f^ine 
s\ stem 1 on i \ 1 0(> a \ 4 mm. and Joe-- 
noi recjuirc the prmlhead to i7U)\e 

l or ver\ lo\'^ cost prinlers, such a> 
printers incorporated into pens, tlie noz- 
zle ea[Tping mechaiii-.m i^ a NinjjU' piece 
ol molded plastic costing less than a 
ceiu 

In doklop pitnlci N, hie pi nu h(.\td ^sn; 
be ca[iped <iLMinsl a lianster rolkw 




High Manufacturing Yield 

The projected maiuilaL turmg \ leld 
(at matnrit> ) (^fthe Memjet piintheads i^ 
at least 80*^ 0. as it is primards a O.z 
micron digital (AU)S chip with aii area 
(d onl\ 0,15 cm" per inch *>t pnnthead. 
Mv>sl modern CAIOS processes achie\e 
high \ ield w ith chip areas m excess \ 
cnr . kor chips less than around 1 cm^. 
cost is roughls prv>pv>rlu>nal Ic- chip arcci. 
Cost increases rapid 1> between 1 cm " 
and 4 cn^~. witli chips larger than thi> 
rarcK being practical. There is a strong 
incentive to ensure that the chip area is 
less than 1 cm^. 

[■or thermal inkjet and bul'blejet 
prmtheads. the chip width i- l>picall> 
around 5 mm. limiting die <.x>^t ellecti\e 
chip length to ! to 2 cm. A maior target 
of Memjet has been to rediKC the chif) 
width as much as [Possible. alKvAsng cost 
clTecti\e monolithic pagevMdth piint- 
heads. 

In the earl\ stages ot maiudaclure, 
bet'ore high \ lelds arc obtained, lault tol- 
erance can be used, /\ It hough tault t(»ler- 
ance doubles the Taw' chip area, v^alers 
w ith detect densities as high a^ ! 00 
(.ielecls per enr can still obtain good 
I^ri ntliead > lelds 

Low Process Complexity 

With digital l( manutacluns th^- 
mask complexit) (d tliedevue has little 

or no el tecl on die manutacUirinL' co:a or 
dOTicult>. C ost IN prt>porlion,il li> the 
number of f^roccNs Nteps. and the litho- 
■uaphic cnncjl dimensKMv. Mem)ei 
iiNCN a slandard OA micion tr2.M 
( AK )S ni;inur:ictunng [Mocc^s ^miIi a-i 
.iddiiioruil ^ Ml MS ma--.k A.-p-^ 1 )n ^ 
[naki.". the maiui I a^ Uiii fVJ [Mo-^\;n-. L'sn 
t.(Mnplex til. in ,1 I\ pical ') mieron 
( \1( )S lo'jie pioces'. vMlli le\el niela: 
Ihu^ever .1-^ the Ml MS pn<,i [v * ne >m n i ' 




pi . >^ e^N , 1/ ;> >j- ■] )ei z 1 Imw c[ !i> 
air-^ ( e- - dev ■.■loj^meii; 1- ; |\ J 1 1 
1 K iill jHvl L-\ [VII Ni\ ^z ihi - 1- hkL'l\ I. > 
the hlzhe^I poinoii ot llie lemainm:' 
i.le\ elopmenl co ts 

Simf)lc Tostnvj 

Memjet includes lc^l cireuils and .1 

lev! straiCL^x thai allows mo si tesnng lo 
lie comidete^i al the wafer probe staL^L 

lesimg ot all eleclneal properties, 
meludmL'' the re .islancc ot the actuator, 
ean be coiv:[ile!e^l at ihis static . Ihws- 
e\er: vicuiator motion can onU t^e tesl^;d 
zifler release Irom the sacril'icial materi- 
als. .Actuators can he tested be to re bemz 
lilled with mk usmg optical methcKis. 

lT;e paddle is rctlectixe and the noz/le 
chamber is transparent. Paddle detlet.- 
tion can be measured ace urate 1\ b\ 
(.ouiUing mterterence tringes o\' niono- 
Lliromatic light, Idnal testing ot^pack- 
ziged print heads is readiK pertVirmed b\ 
prmting a test pattern \\hich is automati- 
cal K checked n-ing a hnear image sen- 
sor. 

Low Cost Packaging 

Memjet is packaged in an injection 
molded pol\ carbonate package. All con- 
nections are made using d ape Auto- 
mated Bonding (TAB) technolog\z 
though \vire bonding can be used as an 
option. .All connections are along one 
edge of the chip. 




Relaxed Critical Dimensions 

1 he critical dimension {(T)) til the 
Memiet CAIOS dri\e eireuitr> is i).^ 
microns .\(.Kaiiced liigital ICs such as 
m icropi ocesst)rz cunenll> use CT )s ol 
around 0,2^ microns, \vhich is t\so 
device zeneraliouN more ad\anced diaii 
the Memiel [^nndiead re(.|nires Most ol 
the Mi Ms post [Mo^essini.' stcf^s ha\e 
( 1 )s ( 1 1 I I n K ron or I'l eater 




^i;^' ^: v^Mli^Mj p;^>hlciil boll: 
>..^miij1 inkivM Jiui [^ic/oclccu !C device-. 
! 111-. Iiiiiil- iho si/c ol ihc pimthctJ ih.ii 
ii is po^Mhlc \o niami lacliir c I lie 
sliL -scs iK\ol\cJ 111 [\]c nianuraciurc 
Mciniet pnntlicads arc no greater than 
ihosc required U>\ CMOS lahncation 
Meiii|cl priiHlieaJs are nol sa\Mi Ironi 
the \salcr. hut are gcnilx [plasma etched 
instead 

No Scan Banding 

Mcniiet IS a t\jll pagewidtii print- 
[lead. so does not scan. Tins eliminates 
one of die most sigmtK-ant image qual- 
il\ problems tif Inkjet printers. Ikiiiding 
due to older causes ( mis-di reeled drop^. 
printhead misalignmeni ) is usuali> a sig- 
nillcant problem m pagewidth print- 
lieads. These causes of banding ha\e 
also been addressed. 

. ^ . . ^ . . . , . . c 

.All of the no/./lcs \s ithin a printhead 
are aligned to sub-micron accurac\ b\ 
the 0.5 micron stepper used for the 
lithography of the printhead. Nozzle 
ahgnmenl of two 4" printheads to make 
an A4 pagewidth printhead is achieved 
with the aid of mechanical alignment 
features on the printhead chips. This 
allows automated mechanical ahgn- 
I ment (by simply pushing two printhead 
chips t(^gether) to within 1 micron. If 
finer ahgnment is required in special- 
ized apphcati{Mrs, 4" printheads can be 
aligned c^pticalK-. 

Controllable Drop Velocity 

An accuratel} controlled drop \eioe- 
it\ improves image qualitw as the posi- 
tion of dots on the men nig substrate is 
more at. curate. An accurate drop n cUk^- 
ii> also enables a lower nominal drop 
\eloeil\. which reduces pox^er con- 
sumption. A lovs drof^ \eloett\ requires, 
tainmar auflovs. \silh no eddies, to 
aeti!e\e *jo(k1 drop [ilaeemenl on the 
[Mini niediuni Ifns is aeliie\ed b\ tlie 
design of the [^ inthead packaging 

lor printing on 'rough' surlaees 
higher drop \elocities are desirable. 
Drop \elocities up to 15 m s can be 
achieved using xana'ions of (he dcMiJii 
dimensions It is f^v^^lble lo manata^- 
ture [Trmthe.ids \^lth a 4 m s drop \<.'loe- 



ion s he 1 e lac h \ di ojMii >ni. v. v m ; i ; i : 
is eonijironiised 




No Thermal Crosstalk 

When adjacent actuators are ener- 
gized in bubble jet or other thermal ink- 
jei s\' stems, the heat from one actuator 
spreads to otht^rs and atTt^Ms ihc.'ir llrin.o 
characteristtcs. In Mem jet. heat difllis- 
ing Irom one actuator to adjacent actua- 
tors affects both the heater la \ er and the 
bend-eanceling layer equally, so has no 
el feet on the paddle position. This virtu- 
alt> eliminates thennal crosstalk. 

No Structural Acoustic Crosstalk 

This is a major problem w ith piezo- 
electric printheads. it does not occur in 
Memjet, 

No Fluidic Acoustic Crosstalk 

b^ach smuiltaneousl> fired luv.zle is 
at the end of a micron t(Mig ink inlet 
etched through the (thinned) water. 
1 hese ink inlets are connected it) large 
ink channels with K)\^ tluidic resistance. 
This configuration \irlu<ill> eliminates 
an> efleel ot drop election trom one 
nozzle on other nozzles. 

Acoustic crosstalk bet\seen 'pods' 
(groups ol nozzles sharing an ink chan- 
nel) IS almost entircK ehmmaied b\ the 
"^(.M) niKTon li'iiL' efianiR'ls openini' iiiio 
leiatixels large llnid res^-rxous Aeous 
liL eroNsUilk V. tlhin a j uKi is e tV^-el i \ e b- 
eliminateel b\ the tiniL- dela\ Ix'tween 
subsequent drop ejections vMthin a pod. 
Ibis is t\picall\ 20 micrt^seconds. 
\\[iich IS more than 40 limes kwisjc.'i tlian 
the resonani tiequenev o! the ink elian- 
nei I his L' I ^ e;. [Tlent\ Ihir- aeous- 




No Power Supply Crosstalk 

1 he thick copper bus- bars in the 
device package, and the active power 
suppK compensation mechanism, cfTec- 
li\el\ eliminate crosstalk coupled 
through the power supply. 




Permanent Printhead 

All ol the known problems that hmii 
the lile ot mkjel prinliieads have been 
eliminated, alknving tlie printheads to be 
fTermanentiv installeci. This dramatical 1> 
lovsers the protiuction cost of consum- 
ables. ^<oie, however, that the selling 
price ot consumables is not necessarih 
related :o the [production cost, and need 
not he [L'dueed 

No Kocjation 

KoL'alion (residues o! inirnt mk, sc^l- 
\ent. and imiiurilies. trom the ,Iapanese 
'koga' lor burnt rice) is a signitlcani 
problem witli bubble]et and other ther- 
iiKtl mkiei printheads Memjel does noi 
have this prti!>leMt. as die ink is ikm 
lieated 



U<} M is(j ir* [.)r ( q>s 

Ml .direv led diop. elm. 
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! 1 i . ^- i 1 ; 1 1] 1 1 : M ' h ■ 111 ill.' . l^ i I J. K 1 : : K ■ : 
1 IK' ( All )N iiK'l .i! 1 1 /.111. m: ''.a\ - 

die 'i^MlMied I>> -^lipfMlt I'K- K\]U1[>.\1 v'ii: 

rem > \\ I liunil clcen nniiL'f.il ion I hi-, l mii 
be leaJiK .ichio\L'<i i loc. iu>c iIk' ruri\'m 
coiv ,1 Jorat loiiN .l[t^e Ironi IkmR'i 
po\s or. not 111 L ti [HX" J ( M ( ) S ^ I k ti 1 n L' 

Distributoci Power C on nec: t lo n s 

W hik' the L'iK' L'x ^ on Miniplioii ol 
MoMiicl 1^ tlt'v 'iivic-; Ic:--^ 'ha 1 1 llKainal 
inki'.-l. the hi;j:i [■iini NpceJ an J low \oli- 
a;jc rcMiIlN HI a ; m l} lip^h e^e^ lo^ al e ai - 
re n I eonsunifitit in \\'or >! east, eiii reni 
\ov A ph(noL:raphie Meniiei lieaci pnninvj. 
m l\\o seeonjs ttoni a \'oli aipi^K iv 
4.M Amps, i his .siippli-.'d \ la eoppci 
busbars lo 2^6 bond pads aloni^ llie edge 
of \hc eh I p. |-a(.~h bond pad earrios a 
ma\inuj[ii of 40 n\A. On chi[^ eoniact> 
and \ ias \o the dri\e iran -.istors earr> a 
peak current o) 1 .> mA Um 1,2 us. and a 
maxinnjiii a \ erav'c oT 1 2 niA. 




No Corrosion 

1 ho no/zlc vind aeluator are entirel\ 
formed ot uk^v, and tUanunn nitiKi^- 
( liN). a eondueii^e eeraniie et>mmonl> 
used tor melalli ^ation Itarner lasers m 
(AU)S de\ lees. Motk, maleriaks are ai 
mnumum ehemieal cneri_'> le\o)N with 
respect lo water, so do not corrode. I ita- 
nium nitncie tlo';s nol corrotlc or dis 
soKe in eMreniL i.mu i ron ments Mieli a:- 
molien alumuuim It is used as the coat- 
iivj lor the elcLtrovie- m aluminum 
MiiLltefN I i\ u- alM) liiL'lil\ w.':ai le-^i^ 
tant - man\ \^a!'.^'eN and |e^selr\ itenv. 
are i.o.iksl x'.illi I i\ a-- it looks like void, 
[lut has much belli.a \^ear jirofx-rtieN 

I I \ does sio w I \ o \ 1 d 1 .''e in . n f a t v i \ e 
( , which limit-, the ellu ieiK^ o' 
(he actuator, llie actuator elticK'iK\ is 
pr ( tpoi Moll, 1 1 1 1 i It le m [HU a I ur 1 1 so 



No [ kM:tro)lysis 

I hi.' iiih ts no; [ n CiMila^ l 'wiw an\ 
(.■leciiual potentials, so iheie is no elcv' 
tiol\s|., I his IS achie\ e^i b\ adelibeiate 
d,esiL'.n leature in the actuator arm. which 
1 - a c.ip bet \s ecu die actualor loop .aid 
(he [\iddle. This eiectncalK isvdatcs the 
[Mvldle 1 lom the di i\ e c i rcutl 

No Fatigue 

.Ml actuator nioxement \\it!iiii 
L labile limils. and the maierials used aie 
all cei amies, so there is no taliuue 
I uute clement anabsis shows the ma\k 
mum strain to be ().s'^,. 

No Friction 

No moving surfaces are m contact, 
so there is no friction. 




No Stiction 

'Stiction' IS a combination ol 'stick- 
iiiL'" and 'friction', a problem common 
to main Ml -MS dcMccs. Momjet is 
designed to Ldimmate suction during tlie 
icleasc of the actuators. This is achie\'cd 
In the low ratio of w Kith to tliK kness ol 
the cantilever beam, m combination 
will) the high ^'ouiiL-'s modulus of the 
I iN la \ ers. 

No Crack Propagation 

l inite c lenient analysis { 1 b A } has 
sh(WMi the maximum strain to ^e 0 ."^"o. 
I his is well witiiin ttic crack propaga- 
lion limit of the actuatcir. \^ith the t\ po 
eal ■air tace I oughnesN < ^f ! he li\ koei s 

No Electrical Poling Required 

fhe/oe lee trie materials musi be 
poled alter the> are lormed mlo the 
[vinlhead structure I his poliiii^ requires 
\er\ high electrical field strengths 
around :'().n(}i) \ oii I he hioh ^ i^lai'e 




rJc; Roctifh.'ci [JiffusioM 

h\s,. l;!iod dl I ■ UMon (he t o; i ; 1 1 ; ,. - ; , , ; 

hu hides du'.- lo c \ cl ic pi cssui ^- \ ai lat ion , 
- Is a pioidem liiat piiuKiiib aflluis 
J Mc/o^ lcciric uik lets Meniiei i - 
Cesignk.d lo pre\eiit r i tied dif"fu-ioi: 
as the ink picssuic iie\ei falls below 
/ er^ > 

[: I inn nation o\ tfie Saw Street 

1 lie s.i\^ sued between chips on 
N^alcr is !\ [Ilea IK 2 no microns I hi 
\^ou:d lakj 2^V'n of the water arc.i 
Instead, plasma etching is used. lequii 
ing )u a 4"n olAlie wa!er are<i Ibis also 
eliminate ^ breakage dur ing sa\Mng 

Ltthograf^hy Using Standard 
Steppers 

Although Memjet printhead chip 
t.an be as long as the water is wide, stciii 
dard steppers (which l> picall\- ha\ e an 
miagmg biekl around 20 mm sciuare) arc 
used. rh;s is because the printhead i 
'stitched' using identi(.a! half inch expo- 
sures. Alignment between stitches field 
Is nctt cniicah as there are no electncai 
connections bet\\een stitch regions. ( )n'.- 
segment of each of .i2 print heads i ■ 
imaged with each stepper exposure, giv - 
ing an 'average' of 4 printhcads per 
exposure. 

Integration of Full Color on a 
Single Chip 

Memiel integrates all of the color ^ 
recjuircd onto a single chip. Ibis cannot 
he done with page\M>.lth 'edge shooteb 
ik:sigri;>. m.ic1i as Canon Ri.ibbleiet. 

Wide Variety of Inks 

Memiet docs not rel\ on tiie iiik 
proper! le^ for drop ejection. Inks can be 
based on water, microemulsions. oif . 
various alcohols. Ml-d^. hot melt waxes, 
or other soUents. Memiet can be 'tuned' 
\'o\ inks o\er a vMde range ot viscositv 
and surtace tension. Ibis is one signdi- 
cant factor allownig a wide range of 
applications 

Archival Quality 

With the right choKC of dvc <ind 
media. irehival permanence signiti 
cantiv bettei than color pholtographs can 

•>e a.'h.e'. ed 

Laminar Air Flow witli no Eddies 

I he piinllieaJ [\icka;jirig is designed 
lo ensure di.it airllcw^ is himinar. and t** 

ehminaie vsldie- I he- r. iniportanl. a , 



High Drop Ro[:)etition Rate can bi2 
Li s e d 

The nominal drop repel u ion rale ol a 
pliotographie Memjel is 5 kll/, resullinu 
in a prim speed of 2 seeonds per phoio. 
The nominal drop repelilion rale lor an 
A4 nriiTtht^ad )0 kll/ for M) - ppni A4 
printmu. The maxmuini drop repelinon 
rale is prmiariK limhcd h> ihe ncv./le 
rcHIl rate, \\hieh is determined by no/- 
y\c chamber ueomelr> . How d> namics- 
ink pressure, and surface tension. Drop 
repetition rales of 40 kll/ can be 
achie\'ed {and lOO kll/ ma\ he aehiex- 
able). allovsing prinl speeds ot" 120 ppn^ 
using a single vow of no/./.les for each 
color. Ho\se\er, 34 ppni is entireb ade- 
quate for most low cost consumer appli- 
cations. 




\ ov \ et \ in i_:li-speed ajipheal u wis. 
such as commercial printing, multifile 
printheads can be used m conjunction 
with fast paper handling. .A suitable s\'s- 
icm tVir hiL'h end commercial priniini' 
can unc <mic [Minlhcad pet coKw per side 
( )n a ^4 inch ^vcb. ihis \^oukl lm\c an 



as ihc iniciiia! icsi.staiicc ol the ballenc-- 
hmiis the a\ailal4e po\ser. 1 lie baiicr\ 
hiclimc IN iioi an imporiani i>siie. aN 
hundreds page^ can be prinied liom 
tine set of baiienes. The drop repetiiioii 
rate can be reduced as as desired to 
reduce po\ser c (^nsumption. as the 
CMOS design is full> static. 

Low Head-to-Paper Speed 

i tie nonimai ticad to paper speed o\ 
a photographic Memjet printhead is oni> 

0. 076 m sec. I'or an A4 printhead tt is 
onl> ().!'> m sec, which is about a third 
of the t>ptcal scanning inkjet head 
speed. The low speed simplifies printer 
design and impr<a\es drop placement 
accuracN . 1 lowever. this head-ttvpaper 
speed IS enough for ,""^4 ppm printing, 
due to the page\Sidth printhead. Higher 
speeds can readily be obtained where j 
required 

High Speed CMOS not Required 

I hc clock speed of the printhead 
shift registers is onl> 14 MH/ lor an let- 
ter A4 priEithead operating at 30 ppm. 
I or a photographic printer, the clock 
speed is onl\ 3.84 MM/. I his is much 
lower than the speed capability ol^ the 
CMOS process used, i his simplifies the 
CMOS d e s i LMi . and eliminates po w e r 
diNsif^alion prtil^icnis \^ hen prtni ini' 
iR'ai -\s h te muiL^e^ 

Fully Static CMOS Design 

I he -^hitt fCLM^lers and Iransler icljin- 
lers arc lulK static (.iesigns. .\ slaik 
dcsnjn rcLjuires T^' transistors per no//le. 
compared to around 13 lor a dynamic 
design ll(n\e\er. the static design lias 
sc\ er.il ad\ anlat'cs. including' hiL'her 
Moisc iM.nuiiiitx. iox^et quiescent pov^ei 

1. -oiiMim pnoii and I'realei proee^sini' lol- 



si/c li.iiisr.loi tils bcncalli the acluaUw 
1 luis an .ic-equalc dri\c Hvinsisloi. aloii;- 
With liic associaici-i d;iia dtsu ihuttoii cii 
cuils. cons^nncN no chi[i aic.i that is iu>i 
a!read\ required b> the actuator. 

1 here .ue several wa> s to reduce the 
[percentage of power consumed b\ the 
transistor: increase the dnxe \ollage so 
tliat the required current is less, reduce 
the liiliograph) lo less than 0.,s micron, 
use BiC^MOS or other iiigh curreni dri\e 
technoiog\. or increase the chip area, 
allow mg room tor dri\ e transistors 
vvhiOi are not underneath the actuator, 
llowexer. the 6.7*'o consumption of ihc 
present design is considered a cost/per- 
formance oplinuinv 

Extensive SirTiulation 

l:\tensi\e simulations ol' t1uid 
d>'namic, mechanical, thermak electri- 
cal, and other characteristics of the 
device ha\e been pertormed. 1 hese are 
do IK- Lisnvj. sot tw are de\e loped at Sil- 
\erbrtHT h'esearch. m combination with 
se\ eral leading commercial sot\\s are 
packages (Ans>s. kidap. and Matlab). 
Simiikuion is used as a ■computational 
microscope" which is able to 'see' micro- 
scopic stresses, temperature pro tiles, 
and llu;d Wow in wa\s impossible wiih 
pin sical experiments. All simulations 
perfornie(.i al SiUerbrviok K.esearcli arc 
caus;!!' i ha! is. no assumfPltons ai\' 
made alv^n ihc molion of the ink or 
oihci a^pccts ot ihc device. .A simukilcJ 
\ ohaL'C [ncse is pro\ ided to I lie ai'Uiatoi , 
aiui then we vvalch v\hal happens. Siinii 
lalioMs are ['icrformcLl al suttictent reso- 
hilion lo capture the delailed beha\ lor t>l 
features such as satellite drops. More 
than 3.000 siniulaiions ha\e been pci- 
lormcd. iiMivj more than 30.000 Iiouin 
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Dtjfect Density used for these financial projections (log scale) 

laiotf' tl.ose de-CMa doasily projtMaions are intefaled as a worst cast* csliiivite foi (,aaist.M v aavt- 1iiian^ ;.i; f>r o t-uti' 
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Redundancy and Fault Tolerance 

Ic) alkiw cost-ctVcc ti\ c pia>diicnon 
ol' pnnthcads in ihc earl\ \ cars w hcr^ ihc 
dc feci dcnsit> is high, rcdundanl finni- 
hcads can he used. 

Ihc husiness model autonialicalK 
selects hetwceii tour c» infivzuralion^ ot 
print-head, depending upon how the cost 
ol each conllguration changes \^llh 



1 ) A prinlhea-J \Mtli full redundanc\ 
{{wo complete rows o) iio/./les) made 
trotu tested and matched i 2" prmtiicad 
segments (a total of ^^2 half mcii seg- 
ments). 

2) A printhead with luh redundatic> 
tiiade from Xwo vows o\ untested 4 



printhead segments {a total ot" 4 lour 
inch segments ). 

a) A printhead with no redundanc> 
made Irom 16 hall' inch tested segments. 

4) .\ [vinthead with no redundanc\ 
niade trom 2 tour mch tested segments. 





N< }r f}],ii I )f i!}thf <:()/:fi(pjfn!i< )r! v.>ih ,j ,s;n(//f.' set of (lO.wU's ,S/,ci: k?,' i)finfhn,)(j <:( jrifu^'urdtn )!^ -^\itf) (wo sets of r)07zles 



Yield for Various Configurations 

Sho^iiu) Optiniuni o fif kj 1 1 r u > [i 



half inrh f^^ult tolerant 



4 inch fault tolerant half inch sorted segments 



4 incfi sorieci seqnierits 



C)[)tmujni configuration 



Printi^ead Manufacturing Cost 

I he manufacturing cost ol the pnnt- 
head charvjcs with \ icld, A]th(nigh tlic 
\ icld tiflhe lauh it^lcranl conjlguratitms 
of [^nnihoa^l will al\\a\s he higher than 
non-tauh tolerant con fiuuranons. tauh 



tolerance is noi cost eiTeclixe once the 
defect densities are low enough. 1 he pri- 
mar> reason for this is that t\\(^ e<M-nplete 
sets oi no/./.les are requwed tor fanh tol- 
erance (unhko inomorie^. wlicre a tew 
redundant ro\ss and/or cokmins are sul- 



tuacnii. 1 he graph below relleei> ihi 
total manufaeturnig costs ol prnithead.s 
inchiding de\ace s(^rting and packaging 
1 he \ olunie t>r nianulacture is also con 
'-idered mio the cosi prtijectKMi 
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Manufacturing Cost for Various Configurations 
Showing Optimum Configuration 
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half inch fault tolerant 4 inch fautt tolerant hatf inch sorted segments 4 inch sorted segments - - Optimum configuration 



Early Product Mix 

riic mnrkol {nrus Jurin^j tlu' pilul 
piiasc anJ the main prddtJetuni phaso 
slunik] bo clifTcrcrst. Dtirnn' tlio pil<il 

[^liasc. niarkcls \shich arc rclati\cl> 
inscnsiluc to pnni'iicad cos; -.hoiilJ l^c 
lai i'<;U\i i Ir-nc I nc \[ii.\c 

' I \K I Jc ' ornial jm"! nl tiv.' (iiiacl 1 1 iic 
p; .i; > >;.;!Kj ^ P ) j if H i i 

I \.i 'A or k L oloi jM nil I lu; ( ma^- li m io 
p' 1 k. >: - ' \ - ' \ v i.'c [ ■; ^ k' H n ' : ( v "P( M )i I i 

^ ) i )nMlat coinniLTCial pt iiUi n;' 
( n^aclunc pi iCL's N 1 OO.OOO an..! ) 

4) I'hoio rniishiivj (machine [Micc^ 
\\ V ^ .()()( ' ,invl in I 

1 nil' tlic main niaiiiiLu/lnfmp 
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(vMvvccn 1 < ' )^c[ oni aiul 1 i M i p^-i , ni 

cc-^^alalnu' li:.- i;-c >»I KvlniulaiKA i. 

hic\ c :'ooJ p: milicaJ \ icKi^ 
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rv' ""^ijET Prototype 
Fabrication 

Ik'loiC .111 IIIU'LM Jl'jj r\ ]( )S 

Mi MS pioiiM\pc 1^ Mi.uic. uc rcco Hi- 
ll iciul lliL' l.ibriL-.ilioii ol J \11MS oiiK 
piotoi\po I he Ml \1S piouUNpocjii he 
made \cr"\ |jilhruil\ l^^a lull prinl hcaJ. 
uithncai K klcniical acui.itor aiui noz/lc 
slriiclurc. i he mam limilation ^^\ a 
Ml-.MS unl\ pioiot\[X' IS thai [he num- 
hcr of iui//lcs is limited, as a separate 
bond pad IS required lor eaeh nozzle. 



ol ,1 :MH>up-- '*! ^ !i>'//!e- !- a 

IX'i leel model tlic eiUii c ^ hip [xa t- m ■ 
maiK\-. a- ihc Iliiidi^'. die: ma L ei^-etiKal. 
aeoiiNlK-_ Ol inechaiiu'a! eouphiiL' 
between ^ nozzle roups eMreniLds 
small 

.A elii p la \ out with 1 ."^ in .zzles i ^ 
shown below. 1 his eliip ts mm v 
mm. and is replieated on a I \ ] 2 ^an 
mask set 1 he mask set eonta ins l()\ari 
anls ol' the preeise nozzle dimensions. 




, I! > H ind "^OOO. i/ / k'-. \n 1 Ik'K' >s . 

( \ 1( )N Oil ^ inp. onl\ some ol lii-.- 
no --zle-. ana " ned ap' 1 his ^inp i . 
ml.-iuk'd lo lesl mechanical aspocis o\ 
bandhnp and paekapinp. 

1 he mask has been laid out iismp 
I aiinai I ooN' . ;ind is a\ ai lable as I an - 
ner ov ( d)Sll tiles 

I he subse^pienl [xipes show the pro 
eess steps, and the mask for a smide 
no ''zle null ceh . 
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1) 1 Micron Aluminum 




Process details 

One micron of aluminum is deposited 
and etched using Mask 1. This mask 
inc hides the electrodes to the actuator, 
the bond pads, and the wiring between 
these items. It is possible to replace the 
aluminum with TiN wiring and bond 
pads. Howe\er, that \^ould dnerge fur- 
ther from the CMOS ^ MI-MS design, 
and add process risks. The region around 
the nti//lc chamber is on Mctail lor a 
1P2\1 CMOS • Ml MS process, while 
die clectrv>des are on metal 



1 a\ cr i lllL■kIK'^^ 

I J iK'v^ kith 
CI ) Acciirac\ 

•MiLMiMK'nl accu[at.'\ 

I'r. uji ic! inn iMi 
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^ iDKaoi--. 

1 i) 2 niKrons 

ML-Cianicil 

U Jiri tl.l! 

( \1( )s M 1 aii>' M." 
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Mask 1 



Top View 



20 



2) 1 Micron PECVD Nitride 





Process details 

One micron of PECVD silicon nitride is 
deposited and etched using Mask 2. This 
mask includes the \ ias from the alumi- 
num to the first TiN la\ er, and some rela- 
li\el> minor tluid control aspects, l or a 
(^MOS ' MI '.VIS process, this is the pas- 
sivation layer, and will typicalh be 0.5 
microns of glass ft>l lowed by 0.5 microns 
nt^ si 1 icon nitride. 





Mask 2 



A pure nitride passivation la>er is prelcr- 
able, lo prevent ions Irom the ink from 
(JitTu^mL! ihrouiih the Lzlass. 



I A \ Cl' t 1 1 I L k n L' > N 

I 1 1 i ck I K" s N \ ; 1 1 a 1 1 o 1 1 
I l.ineuidth 

I Alignment accurac> 

: l^rtniuct uhi process 
T; oi 1 , It. 1 1 oi 1 1 1 KIN k 



I micron 
: 2{y'n 
! micron 
• I). 2 niK-roiiN 
1 0.2 microns 
Mcial I 

( M( )S passi V alioM 
N.i UK- 



Top View 



D(n^<^'-''' Imicroo PECVl") Si^NyH^ 



3) 1.5 Microns Sacrificial Polyiniide 




Process details 

1.5 microns of spin-on photosensitive 
polyiniide is deposited and exposed using 
UV light to Mask 3. The poKimidc is 
then developed and hardbaked. 1 .5 
microns is the tlnal thickness - around 3 
microns of liquid is spun on. depending 
upon shrmkagc. 

The [^(il\imide is sacrillciaL so there is a 
wide range ol~ allernali\ c nialcnals xvtiich 
can he used, such as glass ov atummum. 
PhotoscnsUix c i^ol\nnidc s mi [^h Tics the 

pro^'csM II . ;iN 11 chmmalCN dcpoMUoii. 
L-uhiiii'. and roMNi siiif^pmg sicp^ 




Mask 3 



1 J \ t.- 1 1 . 1 k n c N \ 
I 1 1 1 L k n i_" s \ a 1 1 a n o n 
P(>l\ Miiuie suk'N^alN 
1 Ki^u hiih 
( I ) A.v uia. 
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Top View 



4) Sputter 0.2 Microns TiN or (Ti,AI)N 






Process details 

0.2 microns of magnetron sputtered tita- 
nium nitride is deposited at 300 C and 
etched using Mask 4. This la> er contains 
llie actuator and part of the paddle. 

In production, the resisti\it\ oi ihi^ hi\er 
o\ I iN should he consistent to \Mthin a 
fev^ percent over the waler. 

( 1 I. \I)N i> [uelcrred to 1 iN loi- hiiih elTi- 
cicnc\ operation, as n resists oxidation at 
iiiulic!- temperatures. 




Mask 4 



' ! a\ lt Uiick ncss 

1 I ncu kith 
1 (/I) AccL]rac\ 

I AhL'ii to 

*(.lnct ion [M'o*.-CN^ 
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0 2 In!C^on^ 

1 I, 

1 niicron 

1 0. 1 s microns 

t (1.1 nncronN 

Nk'tal 1 

SaniL- 



Top View 



0 2 rTiicroos T iN sputtorrKJ at 300 



5) 1.5 Microns Sacrificial Polyimide 




Process details 

This step is identical to step 3. 

1.5 microns ol^ spin-on photosensiti\c 
polyimide is deposited and exposed using 
liV light lo Mask 5. The pol> iniide is 
then de\elopcd and hardhaked 1 
microns is the final thickness - spin on 
around 3 microns depending upon shrink- 
age, riie thickness determines the gap 
between the actuator ami compensator 

\ \ la \ ers, so has an d'tect on the 
anioiinl that the actuator bends 




Mask 5 
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Top View 



6) 0.2 Microns Sputtered TiN 




Process details 

This step may he identical to step 4. 
Hov\evcr. there is no efficiency advan- 
tage in the use of ( ri,Al)N. as [h\s la\er is 
not part of the thermal actuator. Rither 
iN or r!i.At)N may be used equi\a- 
lent]\ . 

Deposit 0.2 microns of magnetron spul- 
lered litamum mtnde, at 300 (". The I iN 
IS etcl'iCL] us mi: Mask 0 



Mask 6 



Ihis la>er not e!ectricail\ ci^uiiected, 
and IS UNcd pureK as a mechanical coni- 
f^oncnt 



1 luck IK'S s \ .ir i.it ion 

( I ) \(_ L Uf .it. \ 

A 1 1 L'niiiL'nt a*. curac\ 

Mil- 

Pr t h\\ !■;! u M1 [It i K c\N 

Pit 1 .1 h >M lllj^k 
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Top View 



0 2 iTiirroor, I iN Sf)uttero(i at 300 (k'(jr(M?^, C^. 



7) 8 Microns Sacrificial Polyimide. Al Mask 





Process details 

8 microns of standard polyimide is spun 
on and hardbaked. This thickness deter- 
mines the height to the nozzle chamber 
roof. As long as this height is above a 
certain distance (determined by drop 
break-otT characteristics), then tlie actual 
height IS of little significance. As this 
polyimide layer is not photosensitive, it 
ma> be a tilled ia>er to obtain a louer 
coefficient of thermal expansion. 

A 50 nni aluminum hard mask is dcfMiN- 
ited ( )ne micron t^l res!--i is spun tui anJ 
exposed to Mask " 1 he Al hardni.isk i-^ 
ekIieJ 



I a> er tliickncss 

1 hickncss variation 

I IMCW kill) 

CD \. . iirav', 



<S niK rons 
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micron^ 




8) Etch Polyimide using Oxygen Plasma 




Process details 

Sacrificial polyimide is anisotropicall\ 
plasma etched. I'hc sideuall angle sliould 
bo better than SO degrees. The n^ask 
design shown tor Mask 7 is lor 90 degree 
Mdewalls. and should be modified to suit 
the etch process it~ the eteli process used 
\aries more than t i decrees Ironi \crnca!. 



■ rich depth 
i 

j Si Je\\ all angle 

A !! ;_' ic a>.'v ui a*. \ 
■\ hijnmLMii accurncN 
Ah-;; I. . 
. Prixluct ion pioccss 



1 1 nucrons 

I iN. S!;\ , 

degrees 
■ Jccfccn 
: n,2 niiLToiiN 

1 1\ : 

Same 



Uses ahjminum hard ma^ from previous step 



Top View 



Eloh sacrificial polyimi(je usioc^ f)xvt^cri plasma 



9) 1 Micron Conformal Silicon Nitride 




Process details 

] micron of PECVD silicon nitride is 
deposited at 300 °C. This fills the chan- 
nels fbnned in the pre\'ious PS pol> iniide 
!a\er. forininu the noz/Je chamber. 



[n the cross sectiim. some areas appear to 
he large sohd areas nitride. These are 
actual i\ 2 micron thick sUns \ ieued side 

on. 



No Mask 



I his la\er is not partieularK cnlical 1 he 
nia)oi reL]uiremenl is i:o(h1 a^lhesion 
1 i\ Inclosed vacuoles should not e.nisL- 
prohk-nis 



i he mliide deposUion is lolKn'.ed 1\\ i 
inieron ol imide. \\ hich is hai\it'>akeJ 



s I -^N J 1 h lek ness 
I li iL- k !icss ^ afial I 



1 niieron 



lop View 



10) Etch Polyirnide and Nitride 




Process details 

The polyirnide is etched down to nitride 
using Mask 8. The nitride is then etched 
down to Sac " poN inhdc usinLi the Sac 4 
polyiniide as a mask. 



PI I-lch depth 
I ■ ich V ;inat ion 
N Undo l .tch depth 
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Mask 8 



Top View 



Btch of Sac: 4 polyirTiicio aod oo/zU.' rf)()t Si^NyhH^ 




11) Deposit 0.25 Microns of PECVD Nitride 




Process details 

0.25 microns of conformal PECVD sili- 
con nitride is deposited at 3()()"C'. 



Tfiis la>cr torms the noz/le rims, using a 
'sidewall spacer' like process. The thick- 
ness is not particuhirK criticaL and coLild 
he suhslaniial 1> thinner 1 1' desired, as 

there is insiiini tlcanl lluidic pressure act- 
No Mask 




Top View 



n . 1 



12) Anisotropic Etch of Nitride 




Process details 

The nozzle rim nitride is anisotropically 
plasma etcliccl. The etch can be timed, as 
etch depth is not critieal. Substantial 
o\eretcli is required to ensure thai on]> 

\eriica] nitride walU remain, and that 
nitride (ner Nlopinu topojjraphx is com- 
plete 1} rem(i\e<.i. 



No Mask 



l-.tch dc[Mh 
Doplli \.ari.ili(iii 
l*roduLl ion proci's 

I'l oJliL I ion MKlsk 
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Top View 



0 5 micron anisotrcjpnc sicJowaH' etch of Si^N, 




Process details 

spin on 4 microns of resist and softbake 



Ibis resist laver is to prt)tect the front 
side of the waier during hackelch. ! he 
resist thickness is lo cover the topograph) 
ot'tfie MI-MS de\iees. and thereh\ ailow 
J vacuum chuck to be used. 

_ . - . Mask 

Resist thickness 4 microns nominal i 

I hic kncNs \ aiKUion • '^O" n - ? n 

I ion process S.inu' 



Top View 

I Ml I 



14) Back-etch using Bosch Process 





Process details 

The wafer is thinned to 300 microns (to 
reduce back -etch time), and 3 microns of 
resist on the hack -side of the \sater is 
exposed to Mask 10. Alignment is to 

metal 1 on ttie front side of the uater. 

This alignment can be achieved using an 
IR microscope attachment to the wafer 
ahgner. I he \^afer is then placed on a 
latter and etc lied to a depth of 330 
microns (alUns ing 1 0'* o o\eretc["i) usmg 
the deep silicon etch "Bosch process", 

fhis prcKX'ss is available on plasma etch- 
ers from .Alcatel, IMasmaTherm. and Sur- 
tace I echnoloi!\ S\ stems. 




Mask 9 (includes chip edges) 
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Bottom View, rotated around horizontal axis 



1 k 



[3ack-ot(;h throuc^h wator usiru^ fVjsfM \)\- 



15) Strip all Sacrificial Material 




Process details 

The chips were diced by the previous 
Ik^sch process back -etch. However, the 
vsafer is stil! held touether by 1 1 microns 
of pc^lyimidc. The wafers must now be 
turned o\ er. This can be done b> phicmu 
:) tr;i\ o\ cr the water on the platter, anci 
uirninu the whole assembl\ (platler. 
waTcr and lra> ) o\er while maintaining 
light pressure. The platter is then 
rcmtAcd- and the water (stil! in the tra> ) 
r-^ placed ui tlie owgen plasma chamber. 

All o1 the Nac!"iriCKil poi\ nnidc in a^hcd m 

.111 (>\\ iJC!l pLlsIll.l 



No Mask 




Top View 
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16) Package, Bond, and Prime. 




Process details 

Glue the chip into a package with an ink 
inlcl hole, for example, a pressure trans- 
ducer package. Ihe ink hose should 
niclude a 0.5 micron absolute fdter to 
I^r"e\ ent contamination of the no/zles. 

ihe proloiN pe Memjet chips are mm 
square, hut the ink inlet hole region is 
on]\ about 240 \ 160 microns, m the cen- 
ter o\ the chip. CiUic the chip mto the 
package so that the chip ink mlet is t)\er 
liie hole m the package. This requires 
(iiil\ s()() micron accurac> . Wire bond the 

0 conncclu>ns to ik^z/Ics to be tcstct.1. 

1 ill the p.ickagcd prmthead under apprtix 
^ kPa ink [Tressure to prime ii. 




17) Test 




Process details 

I esting of the inkjcts is performed by a 
mixture of ph> sical obser\ aUon and sim- 
ulation. 

fhe prnnar> pliNsieal test is to take high 
speed photomicrographs of the mk drops 
m Hi gilt, rhis is done witti a special opti- 
cal microscope, a high speed Hash, a 
gated photcMiiullipher phite. and a higii 
speciJ C ( I) camera fhe images are 
stored on C(Miiputer and carefulK com- 
pared to the simuhuion resuhs. When the 
snnulaluMi matches tlie exf^eri mental 
mages to \Mthin a tew pcrcenl. I hen the 
amulalion can ac[ a-- a ' m ic loscojx^ * able 
1(1 see ahnost an_\ aspect of the no/zic 
Ulceration 

Sil\ crbiook Kcscarch in cstabhshmg a 
testing fiborator\ ifiat will be able to per- 
toini the ncccNNarA teslN. and correlalc 




Return 
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The Mysterious Return of Tutankhamen 
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The mask of Tutankhamen, safely 
returned to the Cairo museum. 



CAIRO As m> slcriousK as it dis- 
appeared two weeks ago, the famous 
golden mask of King Tutankhamen 
has been relumed to its home. 
Egyptian poHce were alerted to by 
telephone of a package sitting out- 
side the back entrance to the Cairo 
muscun-i yesterday morning. Upon 
investigating further, the pohce dis- 
covered to their joy that it was, in 
fact, the missing artifact. 

The artifact was discovered missing 
by a security guard in the museum at 
4am on November the 1 1 th. The 
security crackdown has led to the 
unearthing of hundreds of illicitly 
stolen artifacts throughout Egypt and 
the world. 

Pieces that have been missing for 
generations have been recovered 
from private collections around the 
world, as "dob a robber" has become 
the favourite pass time of the rich 



and famous privv> to these illicit col- 
lections. The Egyptian government 
has been overvrhelmed with offers of 
help, and a crack anti-theft squad was 
instantly dispatched by the French 
police in charge of the prestigious 
Louvre museum in Paris. 

A breakthrough came last Thursday 
with the discovery^ of the artifact^s 
pedestal in a Cairo warehouse in the 
north of the city. Police were in the 
process of questioning several sus- 
pects when the golden death mask 
was returned yesterday. 

"We can't believe our luck" said 
Mohommed Sharim, Director of the 
Cairo Museum. "Never before has 
such an audacious theft occurred, 
despite extremely sophisticated elec- 
tronic monitoring equipment. We are 
very pleased the mask has been 
returned to us." 



The New Age of Electronic Pets 



TOYKO- The latest "must have" toy 
has arrived on the supermarket 
shelves. It's called "Twinky" and it's 
a fully functioning robot . Twinky was 
designed by the Sony corporation as 
an intelligent pet, ready for the home, 
without the maintenance required for 
a regular animal. 

Twinky is a complex design, crafted 
for real-world interaction. Iwinky 
pools the talents of engineers in solt- 
warc, computers , sensors and com- 



munications. In fact Twinky is the 
culmination of years of research into 
artificial intelligence and robotics. 

Twinky uses the latest in CPU tech- 
noioey, and redefines the term 
"robot". Twinky, you see, has emo- 
tions. She can be happy or sad, bad or 
boisterous. And the complex sensors 
encapsulated into Twinky's infra- 
structure means that Twinky can 
actually see and hear the world 
around her 



Twinky is intelligent and 
autonomous, and is able to perform 
requested tasks and is also able to 
learn. She can be naughty though, 
and discipline is part of the robot's 
appeal. No spanking for Twinky, just 
strong words will suffice. 

And don't wony^ about having to 
pick Twinky up when she falls down, 
she can get up all by herself. 

Sales of Twinky start today, and it is 
anticipated that the queues at depart- 
ment stores will quickly be replaced 
by happy customers. 
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hMATr 



Ick! 

Sam. 

I went over lo Ibby's house yester- 
day, and he was digging a cubby 
house in his backyard. He threw 
worms at me! Horrible boy! Anyway 
I guess we should get him back on 
Saturday at Chris's Party, what do 
you think? 



Suzi Woods 




Hi Sam! 

Hi Sam, 

This is Christine's Mum. Christine 
says to say hello and would you 
come over tonight and play? 
Sam says she hasn't been at school 
last week because she's been sick. 



hut she misses you and would like 
to see you soon. She has to go to the 
doctor's today, but she is ver) much 
better. She drew you this picture of 
your dog while she was sick. 
Sincerely 
Caroline Brown 




Hate and other 
stuff 

Sam, I really hate Toby Withers. 
Let's put dirt in his bag today. Either 
that or we can pull his hair. What do 
vou think? 



A Ron Howard film. STARPJNIG Cyr\^\{{s^^i^^^^ Barbara Littlcf iric 

PRODUCED by Stella Berwoan'; / bBLTAWORKS PRODUCTION 



Rated G 



Shelly Wordrow 

Did u know? 

Hi ya Sam, 

1 mised you after our vacation togeth- 
er, but it was god fun wasn't it? Did 
u know that my dad is going to New 
York this week on a bisnes trip? He's 
staying in a big hotel in the city. 
Wot's it like living ni New York? 
Here in Maryland it's really quite but 
its gud fun on the farm. 

My Mom says that I can use her 
computer to send you messages once 
a week if you would like, and we are 
going to Coney Island again next 
year for our vacation to. 
Are you going again? That would be 
reeaK' cooL cause w^e culd play in the 
sand again like we did this year 

This email is taking me so long lo 
write cause I dont know where any oY 
the keys are. You hav e to learn to 
type to use a computer really fast. So 
when Tm older Tm going to. Bye 
now. 

Katherine May 
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Clue: What is the name given 
to stargazing and what is it? 
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WORDS Emit 

Asteroids Field 

Astronomy Galaxy 

Celestial Gamma 

Comet Gravity 

Cosmology Halo 

Craft Heaven 

Dark Matter Hot 

Day lo 



' ! a V I n Q 



Jupiter 

Leo 

Lens 

Light 

Mars 

Meteor 

Milky Way 

Moon 

Nebula 



: uOI 



Night 

Orbit 

Pulsar 

Polar 

Quasar 

Radio 

Ray 

Rotate 



Saturn 
Scan 
Sky 
Star 

Starburst 
Space 
Supernova 
Sun 



Red Dwarf Terra 




The words 
may be back- 
wards, front- 
wards, diago- 
nal or around 
corners. 



Iti^ : not If] 



remembering the names of all Each letter at the beginning of 
the planets in the solar sys- each word stands for a planet, 
tern, simply remember /Wy Mercun/ 



Venu> 



ist ^ . iijpitef 
sat - Saturn 
upon - Uranus 
north - Neptune 
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. lit- ^ 

NOW 

I- I SHOWING IN 
. . -li - , , CINEMAS 

Director George Lucas Starring Mark EVERYWHERE 
Hamill EivAN Richardson 



Knocks 

Knock knock. 
Who's there. 
Pencil. 

Pencil who? // 
Pencil fall down if you don't 
have a belt. 



Knock Knock. 

Who's there? 

Ice cream soda. 

Ice cream soda who? 

Ice cream soda neighbours 

wake up! 

(I scream so the neighbours 
wake up!) 




Novv'Shovving 





The boy soaker comes in an amazing range of 
colors for Vhc ultimate accessor^^^ 



$9.95 



. : A\sQ <iva[\ab\e:in 
: ; :^a\\^ ■ rriaj;on toy. 
• ' • y stares'- . ' 
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Family and Friends 



» Chris's Birthday Party 




Hey nver>'body ! Don'i forgci it's Chris's third birthday 
party on Saturday! Here's a picture that I took of her 
last week, cool hey! Anyway, the party starts at 12, 
bring a plate and wine. Could you RSVP please, so I 
can do a head count on how many children are coming, 
we've got some special treats planned. 
So be there, or be square. 

5/315 114th St. 

New York 

Ph 55568484 
Love Karen. 



Death in the Family 

Grandma tells me that Great Uncle 
Warren passed away peacefully in the 
Golden Years Nursing home in NYC 
yesterday. Warren was a private in 
World War II, when he ran way to the 
army at the ripe old age of 1 7. He rose 
to the rank of Sergeant during the 
1950's, when her served in Korea. He 
never married. After he left the forces 
he studied at NYU and then set up his 
own dental surgery in Mystic, 
Connecticut. As an active member of 
the local municipal council, helped to 
fund the Mystic Seaport. 



He lost contact with 
many of the family in 
the 1960's when he 
moved to Africa, 
where he worked for 
Community Aid 
Abroad for 15 years. 
There he worked further in dentistry, 
where he was involved in training 
many of the younger generation of 
dentists in Zimbabwe and Zaire. 
He returned to the US in 1980, where 
he set up his practice in Brooklyn. 
There he was known in the local com- 
munity for his passion for breeding 
butterflies. Warren Sheldon was 83. _ 

Lucv Sheldon. 




Jonathon does us 
Proud! 

Jonathon, who has been struggling in 
the junior league baseball, has made 
the B grade in the under 12's base- 
ball team next season! 
He's playing for the Junior Braves, 
and hopefully he will get up to A- 
reserve soon. Even tho the baseball 
season is well and truly over, the 
selectors had a special playoff two 
weeks ago to pick the teams, 
rhc 1^ team will he travel! in l-- to 



goals and conquer fTi> tears, 

I will not let others get me down, and 1 will 
follow my dreams. For dreams are all that we 

can :\c}vcy':. a'! tfia^ ■Ai-.h fV^r 



1 i K'f 



i took this picture on our ncu digital 

camera last summer. 

Hope to hear from you all soon now! 



VJhen ice is a salv^ation. 
VJhen hearLs crack. 
In Cinemas December 1st 
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Textures Coloring In 




Colors 



Coloring In 7 



HE -I 






As the "Tiger of Rome" sails westward towards the straits of Aroth, Crown Prince Zelmar 
ponders his future. 



\ , i- p V .'IN' ri 




As the warships gather in the south, he 
now knows that hopes of peace are futile. 


Princess Stephanie has rejected him, his hopes 
of settlement throuqh marriaqe will not succeed. 


' [M^^SMi: i^-'^^^^^M^ Lurking deep beneath the • 

f^n - \ri more perilous than his many • 
A H ' enemies. 
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Suddenly the water beside the 
'^Tiger of Rome" boils. 




Crown Prince Zelmar gasps in astonishment as a 
Zoithawian sea monster burst out of the sea. 



The beast is enormous! Quite capable of eating the ship as a single mouthful. But 
Ziothawian sea monsters are intelligent, so should Zelmar talk or fight ? Continued tomorrow... 
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The common leopard is found In parts of 
Asia. 



Cats of Asia 



The Leopard, is an elegant, long-bodied cat with a pro- 
portionally smaller head, sturdy legs of medium length 
and a long tail, more sinuous in its movements than the 
heavier bodied lion and tiger . 

Leopards are found in a wide range of habitat, from 
desert to savanna and forest . Once found through most of 
Africa and through the Middle East to Java, they are still 
fairly common in some parts of central and east Africa 
and there are scattered populations in east Africa and 
many parts of Asia. The close soft coat of the leopard is 
short and sleek in tropical areas, longer in colder climates. 

In India it often seems to prefer to live near villages 
where it preys on dogs, goats, calves and chickens. Tlie 
leopard can be a very secretive animal and is a stealthy 
hunter. Depredations on domestic livestock may be out- 
weighed by their control of baboons, cave rats, and other 
animals that destroy crops. Other prey includes almost 
anything from antelopes to rodents, hares, frogs, and even 
dung beetles.They are strong swimmers and climb well, 
often carrying carcasses 20 feet (6 m) up into a tree. 

The leopard can be a very secretive animal and is a 
stealthy hunter In areas where it is hunted, the Leopard is 
nocturnal and seldom seen except in reserves where it has 
become used to vehicles and may be seen hunting in the 
daylight. 

Although solitary, there have been refx>rts of males stay- 
ing with their mates and even helping rear cubs, and 
group of up to six have occasionally been seen. 



leopar(] 

^ )sette:v 

f 1 rr^i tnri 



Leopards have up to four 
cubs in their litters after a 98 

day gostatiori f>oriod 
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Up to four cubs (but usually two) are bom 
after a gestation period of about 98 days, in a 
cave, hollow tree or thicket. The cubs are 
bom with dull gray hair They are weaned at 
three months, but stay wiih their mother until 
18 months to two years old and reach sexual 
maturity and full size at two and a half to 
three years old. 

She may move them from place to place. 
When the cubs are older, she will lead them to 
a kill. The young play by stalking and pounc- 
ing, preparing them to hunt on their own. 
Life span of the leopard is 21 years in captiv- 
ity. 

Leopards have a call, described as a "grunt- 
ha! grunt-ha!", and a variety of other grunts, 
coughs, and a sound like someone sawing 
wood, but they are usually silent. 

A few leopards appear to be black because 
they have black rosettes on a black back 
grounds. These leopards are known as black 
panthers . 



Leopards have been heavily hunted for their 
fur, and loss of habitat and natural prey has 
increased predation on stock (and sometimes 
attacks on people) leading to further killings. 
They are now protected through most of their 
range and are listed as endangered. 

SNOW LEOPARD 
(Panthera uncia) 

The snow leopard has a thick, beautiful gra\ 
to yellowish-gray coat marked with large 
black rosettes. Hunting for its beautiful coat is 
just one of the reasons this cat has become an 
endangered species. In some areas, natural 
prey sources have begn depleted due to 
human encroachment. 

Snow leopards live in mountainous regions, 
between 6,000 and 20,000 feet in altitude, and 
are found in the mountainous regions in the 
former Soviet Union, Mongolia, India, 



Pakistan, Afghanistan, China, Bhutan and 
Nepal. 

Although accurate wild population estimates 
are difficult to make due to the remoteness of 
the snow leopard's range, only 5,000 animals 
are believed to survive in the wild. 

There are currently over 600 snow leopards 
in captivity worldwide. More than 250 ani- 
mals are managed in North America as part of 
the American Zoo and Aquarium 
Association's SSF. (Species Survival Plans) 
The plans outline breeding plans, work to 
increase public awareness and education, help 
conduct research, and in some cases, organise 
programs to reintroduce captive-bred wildlife 
into secure habitats. 

The snow leopard's range is spread across 
eight international boundaries, making the 
establishment of a cooperative effort to save 

^^^m them very difficult. , 
a ^ 



:'s Newshles Monday, November 23, 2001 



-Art 12 



To celebrate the new season's snowfall, today's digital designs are "Creatures of Winter'. 
Y \an download each of these designs at an A4 size. 

. o page is sponsored by Wildlife International. Wildlife International is an organisation 
actively involved in conservation worldwide, including the sponsorship of the "Tiger 
Reserve" in India, as well as purchasing large tracts of wilderness and creating managed 
wildlife reserves in South America. Projects also include the White Rhino breeding proj- 
ect in Africa and Australia, and the Bald Eagle Project here in the U.S. A. Simply press the 
image you want and then the Print button. 
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Comics 

Xara-Oueen of the Dead 


lizuanas 
Jaeuars 


Nintendo games 




Batman 


F.angaroos 


General Classifieds 


Jokes 


Superman 


I ions 


Aquaculture - Fish 


Lichtbulb Jokes 


Ninia Turtles 


Monkevs 


Computers 
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Micky Mouse 


Nautilis 


Clubs and Societies 


More Knock Knocks 


Donald Duck 


Octopus 


For Sale 


General Jokes 


The Avenger 


f^orpoisc 


Garaee Sales 


Lpng Jokes 


Invisible Man 


Rabbits 


Gardening 


Blonde Jokes 


Danger Duck! 


Snakes 


Handicrafts 


Irish Jokes 


Denis the Menace 


lortoiscs 


Hobbies 




Popevc the Sailor 


I Iranguatan 


Internet Services 


Join the Dots 




Vipers 


Fost and Found 




Art 


Yaks 


Musical Instruments 


Picture puzzles 


Landscape Art 


/chras 


Music CD's 


More Spot the Ditrerenco 


European 




Nintendo Gaines 
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Collectablcs 
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Action Men 
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Hacksaw Pruning Saw Plaster Saw Carpenters Saw 

With the durability of Tackle those pmning needs A most for the home This saw has been designe 

stainless steel this hacksaw na#i this durable and versftile renovator. Trim your plater to to stay sharp longer, 

will last for years saw the exact size. 



Retail: $8.00 Retail: $2.00 Retail: $15.00 Retail: $18.0( 

Our price $6.50 Our price $1 .50 Our price $11 .50 Our price $11 .5( 




Pliers (Set) Grips (Set) Needlenosed Pliers Adjustable Grips 

SIDCUT pliers offer you SIDCUT Grips offer you For those hard to get at This set of handy grips 

quality without the large quality without the large price positions you need allow you to grip almost 

price tag tag. Piontant Pliers . anything. 



Retail: $9.00 Retail: $4.00 Retail: $2.00 Retail: $6.0( 

Our price $6.00 Our price S1.50 Our price $1.50 Our price S4.5( 




HITACHI Cordless Drill Electric Plane Bench Grinder Jigsaw 

You newer have to worry Save time an effort with this This grinder has all tiie Wrth this jigsaw you can a 

about a power outiet witii professional electric plane. power you'll ever need. just about anything deanly 
this quality product 



Retail: $58.00 
Our price $46.50 



Retail: $118.00 
Our price $106,50 



Retail: $125.00 
Our price $ 96.50 



Retail: $38.0 
Our price $29. e 
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YOUR HARDWARE HANDYMAN SPECIALISTS 



INFORMATION 





HiTAOHi CORDLESS DRILL 



mOHNiCAL INmrnMATION: 


OPTIOft/mBmRAS: 


WEIGHT: 


1 POUND 


Hard Carry Case 


CHUCK SIZE: 


1/2 INCH 


Soft Carry Case 


RPM: 


1500 RPM 


Belt Hook 


CHARGE LIFE: 


2 Hours Constant Use 


Easy Out Attachment 


RECHARGE TIME: 


12 Hours Trickle Charge 






1 1/2 Hour Quick charge 






Press Info Button 

for Technical Manual 
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QTY 



SHOPPING TROLLEY 



DESCRIPTION 



EACH 



TAX 



TOTAL 



HITACHI CORDLESS DRILL 
9.6v 1/2 INCH CHUCK 




46.50 



46.50 



Sidchrome Socket Set 
Imperial 1/2 inch 




52.50 



52.50 



Electric Plane 

Makita Power Plane 




106.50 



106.50 



Bench Drill 
RyobI 




3 



Screwdriver set 

Sidchrome Philips Head 

Pliers Bullnosed 

Mechman Electricians Pliers 





2.00 



6.00 



6.00 



6.00 



Needlenosed Pliers 

Piontant Pliers Drop 
Forged 



1.50 



1.50 



Adjustable Grips 
Sidchrome 
1/2 inch and 2 inch 



4.50 



4.50 



Carpenters Saw 

14 inch Blade 



11.50 



11.50 



Customer 

Mrl.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date Printed 11/3/2001 



SUBTOTAL 

FREIGHT 

TOTAL 



234.00 



4.00 



238.00 
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CHECKOUT 



QTY 


DESCRIPTION 


EACH 


TAX 


TOTAL 


1 


HITACHI CORDLESS DRILL 

9.6v 1/2 INCH CHUCK ^ 


46.50 


0 


46.50 


1 


Sidchrome Socket Set flflRw 
Imperial 1/2 inch W^^Si 


52.50 


0 


52.50 


1 


Electric Plane „ ^f!!S 
Makita Power Plane iflBBf^ 


106.50 


0 


106=60 


3 


Screwdriver set y'^S^ 
Sidchrome Philips Head ^^^^M 


2.00 


0 


6.00 


1 


Pliers Bullnosed 

Mechman Electricians Pliers 


6.00 


0 


6.00 


1 


Needlenosed Pliers 

Piontant Pliers Drop ✓"y^ 
Forged ^ 

Adjustable Grips 
Sidchrome 
1/2 inch and 2 inch 


1.50 
4.60 


0 
0 


1.50 
4.50 


1 


Carpenters Saw 

14 inch Blade i^^fc*. 


11.50- 


0 


11.50 



Customer 

Mrl.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date Printed 11/3/2001 



Payment Details 

Credit Card 

r~l MASTER CARD 4564 xxxx xxxx 9696 



SUBTOTAL 

FREIGHT 

TOTAL 



235.00 



4.00 



239.00 
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PICKING LIST 




DESCRIPTION 


OTY 


HicKea 




HITACHI CORDLESS DRILL 
9.6v 1/2 INCH CHUCK 


1 






Sidchrome Socket Set 
Imperial 1/2 Inch 


1 






Electric Plane 

Makita Power Plane 


1 


X 




Screwdriver set 

Sidchrome Philips Head 


3 






Pliers Bullnosed 

Mechman Electricians Pliers 


1 


■z: 


if. 


Needlenosed Pliers 

Piontant Pliers Drop 
Forged 


1 






Adjustable Grips 
Sidchrome 
1/2 inch and 2 inch 


1 






Carpenters Saw 

14 inch Blade 


1 





Customer 

Mr I.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 

Date Picking List Printed 11/3/2001 



EQUIP 

HARDWARE 



YOUR HARDWARE HANDYMAN SPECIALISTS 



Customer 

Mrl.M. Busy 
1 Apple Lane 
Cambridge, MA 02139 



Transaction Number: 23367 
Date 11/15/2001 



RECEIPT 



QTY 


DESCRIPTION 


EACH 


TAX 


TOTAL 


1 


HITACHI CORDLESS DRILL 
9.6v 1/2 INCH CHUCK 




46.50 


0 


46.50 


1 


Sidchrome Socket Set 
Imperial 1/2 inch 




52.60 


0 


52.50 


0 

ackordered 


Electric Plane 

Makita Power Plane 




106.50 


0 


106.50 


3 


Screwdriver set 

Sidchrome Philips Head 




2.00 


0 


6.00 


1 


Pliers Bullnosed 

Mechman Electricians Pliers 




6.00 


0 


6.00 


1 

1 


Needlenosed Pliers 

Piontant Pliers Drop 
Forged 

Adjustable Grips 
Sidchrome 
1/2 inch and 2 inch 




1.50 
4.50 


0 
0 


1.50 
4.50 


1 


Carpenters Saw 

14 inch Blade 




11.50 


0 


11.50 



Eaci/p would like to thank you for your ordw 

look forward to having you shop with us 
tgaln. 



SUBTOTAL 



128.50 



TOTAL 



I32.b0 



Appendix E m 

Email from Joe Citizen 11.20pm, Wednesday, Dec 5, 2001 

: 

CC : 
SUBJECT: 



□ 



^^^ggg ^<mgQg| ^j^Jjj^ ^^HggQ <#> 



e 



Kmail 



CC : 
SUBJECT: 



from Joe Citizen 11.20pm, Wednesday, Dec 5, 2001 



re :cq -hs 



'J 



■ 

l_ 
B 

L 



1 

^ggg ^ggj '^yjgjj ^^g^J '^^gjl <#> 



e 



Email 



from Joe Citizen 11.20pm, Wednesday, Dec 5, 2001 



george@incmjet.com 



SUBJECT: 



re: cats 



The Leopard, is an elegant, long-bodied cat with a proportionally smaller head, sturdy legs of medium length and a long tail, more sin- 
uous in its movements than the heavier bodied lion and tiger . 

Leopards are found in a wide range of habitat, from desert to savanna and forest . Once found through most of Africa and through the 
Middle East to Java, they are still fairly common m some parts of central and east Africa and there are scattered populations in east 
Africa and many parts of Asia. The close soft coat of the leopard is short and sleek m tropical areas, longer m colder climates 

In India it often seems to prefer to Uve near villages where it preys on dogs, goats, calves and chickens The leopard can be a ven^ 
secretive anunal and is a stealthy hunter Depredations on domestic livestock may be outweighed by their control of baboons, cave 
rats, and other animals that destroy crops. 

Other prc\' includes 
almost anything from 
antelopes to rodents, 
hares, frogs, and even 
dung beetles. They are 
strong swimmers and 
climb well, often carrv'ing 
carcasses 20 feet (6 m) up 
into a tree. 

The leopard can be a ver>' 
secretive animal and is a 
stealthy hunter In areas 
where it is hunted, the 
Leopard is nocturnal and 
seldom seen except in 
reserves where it has 
become used to vehicles 
and may be seen hunting 
in the daylight 

Although solitary', there 
have been reports of 
males staying with their 
mates and even helping 
rear cubs, and group of up 
to six have occasionally 




IL 



OIL 

5l 



L 



ll_ 




George 



-george@menijet.com> 



^ ^^ : Joe Citizen<j.citizen(a'citizenplacc.com> 
L ..e: Wednesday, December 5, 2001 11.20pm 
Subject: re: cats 



^,h^ i^Cc^ tficfi ^ 



The Leopard, is an elegant, long-bcdied cat with a proportionally smaller head, sturdy legs of medium length and a long tail, more sinuous m its 
movements than the heavier bodied lion and tiger . 

Leopards are found in a wide range of habitat, from desert to savanna and forest . Once found through most of Africa and through the Middle East 
to Java, they are still fairly common in some parts of central and east Africa and there are scattered populations in east Africa and many parts of 
Asia. The close soft coat of the leopard is short and sleek in tropical areas, longer in colder climates. 

In India it often seems to prefer to live near villages where it preys on dogs, goats, calves and chickens. The leopard can be a very secretive ani- 
mal and is a stealthy hunter Depredations on domestic hvestock may be outweighed by their control of baboons, cave rats, and other anunals that 
destroy crops. Other prey includes almost anything from antelopes to rodents, hares, frogs, and even dung beetles. 

They are strong swimmers and 
climb well, often carr>'ing car- 
casses 20 feet (6 m) up into a tree. 
Ctepredations on domestic live- 
stock may be outweighed by their 
control of baboons, cave rats, and 
other animals that destroy crops 
Other prey includes almost any- 
thing from antelopes to rodents, 
hares, frogs, and even dung bee- 
tles. TTiey are strong swimmers 
and climb well, often canying 
carcasses 20 feet (6 m) up into a 
tree 

The leopard can be a very secre- 
tive animal and is a stealthy 
hunter In areas where it is hunt- 
ed, the Leopard is nocturnal and 

seldom seen except in reserAc<; 



been reports of males staying 
with their mates and even helping 
rear cubs, and group of up to six 

hasc occasiona]!\ lx*cn seen 




ABSTRACT 

An intormation distribution system for distributing customized information on print media, tli 
system comprismg a first series of data collection units for collecting customizable data; a network 
interconnecting the data collection units with a series of customization output printers; a series of 
customization output printers comprising: a user identification means to identify a user of the 
customization output printer; a printer activation means to activate the customization output printer; a 
pagewidth printer element for printing customized booklets; such that, upon activation of the user 
identification means and the printer activation means, the data collection units download a current 
customized booklet for the user and the printer element prints out the customized booklet. 



